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PREFACE 


Natunat Science falls into two parts, doctrine and 
research. The doctrine consists of dogmatic assertions, 
which contain a definite statement concerning Nature. 
‘The form these assertions take often suggests that they 
are based on the authority of Nature herself 

This isa mistake, for Nature imparts no doctrines: 
she merely exhibits ehanges in her phenomena, We 
may so employ these changes that they appear as 
answers to our questions. If we are t0 get & right 
understanding of the position of science visdvis of 
Nature, we must tracaform each of the statements into 
a question, and account to ourselves for the changes in 
natural phenomena which men nf science have weed a 
evidence for theic answer, 

Lnvestigation cannot proceed otherwie than by 
amaking « supposition Gaypothesis) in its 9) 
supposition in which the answer (thesis) 
implicit. Tae ultimate recognition of the answer and 
the setting up of a doctrine follow as soon as the 

















‘The sole authority for a doctrine is not Nature, but 
‘the Investigator, who has himself answered 
question. 

‘A man may have assimilated the conclusions of 
ratural science in the form of doctrine, end may know 
hhow to employ them in speculation, accordiog ta the 
rules of logic: but be still knows nothing whatsoever 





concerning Narure—or at any rate inf 
does any peasant or gardener who is in daily Steroourse 
with hee. 

Peasants and gardeners, however, art not students of 
‘Natore, unless they happen to have acquired the art of 
interrogation. 

‘This arcforms the gateway toll knowledgein natural 
ince, Tn biology its associated with quite expec 
ficulties, and 20 it should occupy the central positon 
in the whale doctrine. 

fn the present book 3 have endeavoured (o frame the 
theoretical considerations concerning biology, in such 
2 way that there can 0 longer be any doube that, in 
their very nature, biological doctrines always rein 
unsolved problems. 

In Nature everyihing is certain: in scence eerything 
4s proematical. Science can fulfil its purpose oly 
iC it be built up Hke w seatfolding against the wall 
fof a house, 1is purpose ia to ensure the workman & 
firm support everywhere, so that he ay get to any 
point without losing « general survey of the whol, 
‘Accordingly, it is of the Grst ieaportance thet the 
-uctore of the saffolding be built in such a way as to 
afford this comprehensive view and it must never be 
forgotten thatthe scaffolding does ot itself pertain t0 
Nature, but is always sometbing extraneous. 

From time to time it will always be necessary to 
renew the seating. And ia the presest book. an 
aitemnpt of the kind is made. 

‘The reason for this attempt ix that hitherto 
problems deating with conformity with plan i 

Nature have boon used simply for the de 
such conformity. Along such lines it is impossible to 
‘make any ndvance, It used to be assumed thatthe grent 
‘majority of asimals arose by spostaneoss generation 
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out of an appropriate eixture of substances, lnvestiga- 
tion taught us that all asimals develop from the egg, 
and tbat every cell arises from another cell. 

‘Thus “omsis cellu cceliule "becamedoctrine. But 
ix was stil assumed that the very fist living things of 
all must have arisen from a peisordial Sux. In his 
‘way the attempe was made to get rd of conformity with 
plan as a natural foctoc, 

‘The peinordial ss, which wax supposed to have 
been in existence io remote antiquity, now persisted 
merely as an idea, and 20 could either be proved nor 
isproved by experiment. Accordingly, we have to 
find other methods in which to atack the question 25 0 
whether in living Nazuce there are independent factors 
acting in accordance with plan: we must hearken to 
Natore while she acts in this way, and to the negative 
statement we must oppose positive evidence. 

In recent years this evidence has so accumulated that 
‘we may regurd the question a5 practically satled. To 
the phrase “omnis cellula e cellula™ we may ad, 

ing expressing plan is derived fom something 












biology : the old scaffolding, boerowed from chemistry 
and physics, will sulfce 0 ooger. For chemistry 
tind physics do not recognise conformity with plan in 
Nature. Biology, however, consis in the eeting up 
of m sealliding of doctrine that takes account of this 
conformity as the basis of life 

‘There ia a dificulty ia the way of this consttuction, 
and itis that the concepts of which the scafolding is 
made ace not directly accessible, but can be got only 
through 4 new interrogation. 

‘Asa rile, the wext-books that arrange facts under a 
Aebinte scheere may be read in any sequence: bat with 
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the present book this will not work- In order to under 
sand the whole structure of the scaffolding, the reader 
must go through ‘his book in the given sequence. 
‘Then at the end he can decide whather the seaffoldiog 
is defective and needs improvement, or whether be 
‘prefers not to accept it at all, 





INTRODUCTION 


Brovocy at the present day claims not merely 2 certain 
domaia of the will, but also the possestion of a peculiar 
theoretical basis of its own, which is in a0 way 
deducible from the fudamental concepts of physics 
and chemistry. 

“The used for elaborating the theory of biology made 

if fot relatively late, So long as Biological studies, 
such as aoology nd botany, confined themseiver co 
description, they needed, it ie truc, special methods 
for araining to a clear arrangement of the great mast 
of facts, Dut they did not roquize a speciel throretical 
foundation, 

‘The investigation of the processes in the living 
organises followed the description of forms; and for 
that the basis furnished by chemistry, physica and 
mechanics sufficed. And eo it came ubout that men 
earnt co cegard the living organism ax a phytioo- 
chemical machine. 

‘The correctoess of this view has been questioned 
Indeed more than once by those iavestigators who have 
studied the connection berweea subjective procesoes 
and objective phenomena. In the course of their work 
they eret with lifefaciors that would not permit of 

sion to physico-chemical laws. But the name 

‘he trend of the times, men gave 10 

science, expressed the hope that this ideal might 

tbe reached in the future. Physiological nsychology 

means that paychology 4s to be treated according to 
‘Physiological principles. 

‘What turned the scales is. this direction was the 
weighty opision of a paysicit of groius Helo 
bolt, hy perfectly logical methods, reduced all the 
chjscs suroundiog, ®t senseuatites pure and 
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simple, The sense-qualities are the ultimate elements: 
of out in ed, a8 such, are qube independent 
nities, which axe indivisible, and capable af change 
‘only in their intensity. Transitions, such, for instance, 
4s orange, which we find between red. and yellow, 
‘apend oa two qualides sounding out swultaneoualy. 

Now Helmbolts explained ie qualities a: signs of 
an external phenomenon which proceeds parallel with 
their change. This exiemal phenomenon remains for. 
ver unkogwa to us. By his famous “trust and Bc, 
a5 the philosophy to be drawn from this latter con 
Glusion, he actually declared the bankruptey of 
Physiological psychology. 

Foe Uf the excernal laws of Nature are forever with 
rawn from our kaowledge, then the proof that our 
payche is under their coatrol can never be adduced. 

‘What Helmholtz required of us was the belief in the 
existence of natural laws which are entirely independent 
of us. This requirement was readily complied wi 
For the average thinker there {s an end 10 everythi 
it we no longer try to believe in force and mater! 

‘Upto this point the physical laws had been no more 
than hypotheses; now they scquieed the authority of 
fn ericle of faith, whieh was enthusiastically spread 
abcoad by the lesser deities. 

‘Buc it was very unaatistactory for retearch 0 be 
obliged to base ics entice structure on an article of faith 
‘which was in no way better than the dogmas of the 
Church. And that merely because Helmholex saw in 
the sense-qualities subjective signs of the actual 

Nenoreson. 

Coil was certioly 0 misleading assumpticg, but ia no 
way necessuy. Ax Helmboltz bimeelf aught, the 
‘objects that surcousd us ae constructed from the sense: 
‘qualities; and indeed, one person uses some. sense. 
qualities for the making of objects, and another uses 
others. So for him they are nothing but signs or 
Indications for is subjective use, and they sszert 
ttothing whatever with regard to a phenomenon shat 
is independent of him. 























Helmholtz indeed acknowledged that all objects must 
ppear different to each subject; but he was setking 
the reality behind appearances. Many bave done thi 
‘pefoce him: but be didered from his predescasors ie 
supposing that what lies behind appearance is not the 
(Weltgeia,” but the physical awe of the universe. 
‘That ia's mater of taste. 

Helmholtz remained consistently = physicist even in 
extremes, and his exceptional genius paved the way for 
material, whether be would OF no, since it ‘avested 
physics with an unazerited halo. 

'No attempt to discover the reality bebind the world 
of appearance, ie. by neglecting the subject has ever 
some co anything, because te antec play the dere 
‘le in constructing the wor'é of appearance, and on the 
far side of that world there &s no world at all. 

All reality is rubjeste appearance. This ast con= 
stitute the great, fundamental admission even of biology. 
1k is utterly vain to go seeking through tbe world fa 
‘causes that are independent of the subject; we always 
‘came up against abjects, which owe their construction 
to the subject 

‘When we admit that objects are appearances that 
‘owe their constuction ta x subject, we tread on firm 
and ancient ground, expecially prepared by Kant to 
bear the edifice of the whole of matural science. Kant 
setthe subject, tan, over against objects, and discovered 
the fundamental principles according (© which objects 
are built up by our mind. 

‘The taak of biology consis in expanding in (wo 
Aivections the results of Kant's investigations (1) by 

ring the part played by our body, and especially 
by our sense-organs and central nervaus system, and 
G)by studying the relatices of other subjects (animals) 
objects 

"To make things easier to understand, 5 shall frst 
cf all endexvour to reproduce ia. correct biological 
terminology the main results af Kast’ line of esearch, 

Te is Kane's undying merit to have discovered an 
‘organisation in ouc subject, and to have revealed its 
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Principles, (MSubject” is used to include ell the 
meatal and spicitual powers) There is here an 
{intemal conformity with plan, which, however, is 
revealed only when the subject becomes active. And 
so we must observe the subject while, as its activity 
dictates, it is in process of receiving irepressions and 
raking use of them, 

‘The impressions received by the subject always 
consist of sensequalites, which it then erranges and 
conseets into unities, which we call objecis. Accord 

gly we have to distinguish in every object between 
‘two thiogs:—(2) the sense-qualities, which Kant called 
‘the material, and (a) the arcangement imposed on them 
by the mind, which be called the form of kaowledge. 

Undoubtedly, before any single piece of kaowledge 
can be received, its form aust be already prepared jn 
‘the mind, But these forms change in the course of 
experience. Kant did not concern himself sith those 
forms of knowledge which are of such great importance 
biologically ; he restricted himself to those which must 
have preceded all experience whatsoever, In this way, 
hhe proposed to lay the foundations of the principles 
that apply to every human being (quite independently 
‘of what other meatal gifts he may have), by meacs of 
which he turns his experience to account. And thus 
Kact endeavoured to establish the universal and 
‘essential laws, uninffuenced by any peychology what- 
soever, according t0 which each mind collects exper 
ences. This led him to set up the two intuitional forma 
of space and time, which are necessary for every 
experience. 

‘And if these scemingty simplest of the forme ii 
which the raind finds expression, bave, sine Kant’s 
day, become suscsptibie of further acalysis, this merely 
‘eans that the principle of analysis. as employed by 

im, bas proved to be a discovery even more briliant 
thao was supposed. 
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CHAPTER 1 
SPACE 


‘Karr writes, “ Space is merely the form of all appearances 
of the outward senses, Le. the subjective conditioning of 
sensibility, by which alone intuition of the outside world 1s 
owible for ux” The biologist would expcess this in the 
{clowing way,—" The existence of space is dependent ov the 
‘nner ocgunisatioa of the subject's persansity, which clothes 
‘the sense qualities In spatial form.” 

‘This spatial form, homever, is not tbe same throughout 
‘the various domains of senge, and it fequires separate coo~ 
sideration for each 

Tf whea we are Ustening, the accompanying tamtile ena 
tions of the ear ae cut out, we get & condition ia which the 
‘auditory sensation remaine quite normal but the dlrvctlon 
from which he soand cames can na longer Ie eutimsted, 
Ym the same way, we cam separate the sensations of smell 
fund taste oom the sensations of touch which accampany 
‘hem, and then ask oureives, “ What do these pore sensi- 
dons tell us aboot space?" The answer must be that they 
tall ap very Kittle indeed. Foe the qualities of these senses 
tare mumaly projected ; they are oot localised. in dis primi- 
Ue “what les-coteidecoratees there are ne pluots, 0 
irections and so forms. We may call this  whatlie 


outsie-onmaeives gpace, Dut it must be remembered that 
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‘we are dealing with quite sncther lind of space from that of 
‘which we usually speak. 

‘Moreover, we Tast bear ix mind that the sase-quaitic, 
‘and expecially that of hearing, are not desttate of arrange- 
‘ment, wbooge they be cut off from space. The whole 
mawical wale f we example of epatecatie amangenent, 
ithongh there ia no preconceived image of it among the 
‘objects of experince. The order f the sounds is determined 
1 por as the expremion of our subjective organisation, which 
roceden wl experince. 

‘The order in which we receive at once each note As It 
sounds, an order that determines with certainty its elation: 
ship to oll other unmical sounds, is an " intensive methodical 
tums" pecaliar to our mind. It is, to we Kant’s words, « 
“‘trunsendental form of our intellect, vi-tvia of whlch 
the individual sounds coustitute the " material of kaowiedge, 

‘A very momeatoas question now fares us—" How can 
the intensive design of the payche and the extensive deaiga 
of the brain be combined as concepts?" We aball often 
1maat thin question again. 

‘Tuning again to space, we perotive that the two spatial 
senso par exallace art sight and tech, And yet it ia not 
in virtoo of Unis specie qualities that they are epaceorming. 
Colour, for instance, have a very secarkatle relationship 
arrangement ons with the other, ws we iow (rom the oxm- 
lementary calour ; but this has wothing ta do with apatial 
‘latina, There most be other quaitis is addition which 
are space forming, 

raat signs, The exstunce of specie spatial qualities 
rsa dedoced by Lotse and demonstrat) experimentally 
by Webes. 

Ti the two point of « pai of campumes are set one cent: 
metre apast and are then drown down the back, beginning 
4 the peck, the pecaoa experimented on at frat Seis the two 
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polats quite ditinctly and thea they gadally approach ooe 
another ati hey fae. 

Hlow does this cone aboot ? How fe this movement of 
Aapprauch 10 clearly detected? The sensation of prmure does 
ot alter in the fat ; the oly thing that does alter i the 
accuracy with which the akin of the back is abe to datect the 
stance between the two points of prmenure, From this we 
say contdesty alr that, a we a ectvenes to peeae, 
we clo have in our die & power of localiaaton, 

“The theory developed fram such experiments states that 
‘we bave in our sida eutopead servecadigs which envelop 
the whole eine of te boy; and these are ot, to pea, 
focussed on specie stil, but respond to wvery kind of 
stimuloy, ‘The terniaal nerve-expensions are dsttbted ia 
teas which vary quite considerably in sze. Each area allows 
ae quality to sound, which imparts « definite lel solar 
ta the qualities of toock and teperatre. 

‘The areas ae mented by deteeminig the distance par, 
#8 which the to oxapase pints art instantly ft a oro 
Aistinct points of presse. Tn this way, it has been shorn 
that he area are by far the scales and mont somone in 
the ngu-tpe and the tip of the tongue. 

“The qualities emsnating frm. these ates ae called ca 
spe, Tavestigation of te Inca sgea proves vecy afte, 
breause we ave to dregad the specie stinks thet accom 
panies them; this rogeirs great concentration of attention, 
and it can be done witdcereaatyouly ata fem places oo the 
skis, [find that when Tahu my ayes and gently exe thy 
small tars on the back of my hand, this brings bet to say 
‘conscious the alteration o th local qulty. Bat mcely 
A light tovch on the skin of the thigh gives one some In- 
fight Into the relations of the lead sens eae to anetber. 
‘They are best compared withthe musical scale. Imagine « 
iano with the beya in seven rows, ge abowe another; in 
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‘the heriaatal rows the sounds would be esrnged according 
‘to octaves, while each vertical row would bold the sounds 
of com octave, 

‘By means of such a piano we can most extly demonstrate 
the twofold rilationship which exch local tiga as 10 its 
eightours. Fer with the local sigas two types of rdation- 
ship can be shown. If the ervoos areas are stimulated 
or aftr the other throaghout the length of one of eer nbn, 
‘the local signs cone into play in a defisite wnd related series, 
‘hich, repeting Stef with every lengtbwice stimulation, 
may lead to sone confudon. Another type of relationship. 
‘crea appears whea the stimulation acts traxsversely. Theve 
(90 types are sever coatesed with ove another. 

‘Now, with normal stimulation, a8, fr instance, when You 
‘rom the tall of x ager on the edge of the table, the Joost 
sigan play a quite subordisate s6ie to that of the tooch- 
qunltios and, i visee of this, heir Sod relationserics can 
he better be appreciated, forthe tooch-qualiies have got ao 
acriagemeat of the kind. We might indeed go #0 far a8 9 
any that the same tooch-quality realy always repeats ite, 
tnd changes only is inteasty. So we tramsler the arramge- 
meat of the loca signs tothe tooch-qualtics, and are enabled 
‘hereby to fee that these are arranged not only step-wise 
‘with relation to one another, bt alto in rows alongside oat 
ancthac 

‘And itis nly sow that we undesiaod in ite full sgnié- 
‘asce the profound truth of Kant’ dicta that space i marly 
form of wease peception. For what enables ws o appeeired 
tonch-oosations ap extdad ib not the new quality of the 
Socal signs, but the form of thei arrangement, which i 
extension itso 

‘Toe axiatence of « quality which is merty conmmaant with 
(he focal signs 40d yet independent of them, and which vives 
{nfarmatios oto the place of stimnlation, coud be proved 
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‘the case of the sense of touch only by demonstrating that nt 
liffment places on the skin the seneation of tooch remained 
‘the same, whereas the local signs changed. It ie aasier ta 
‘get this proof by using the retina of the epe, The fdividual 
elements of tte retina sre not al! dzected ox the same coloa= 
quality, Gough they are all dcseted on the same local quality. 
[No one wil deny that at the place he & regarding any colour 
whatsoever may appear, and tbereiore place and colour are 
factors independent of one anctber, And from the outset we 
‘were able to asseme that the touchqualitiee might everywhere 
De different. 

Mf we tum oar cyes akywerds and do not move them, 
what oe set looks like « uniform bive surface : if we look 
‘eurthwards in the same way, all mancer of sarfices present 
themselves, arranged together in series, Each muefaon is 
complete in itself, but the maity of the whale visible world 
4 nevertheless preserved Tt remains always the same, bow: 
‘ever much the coloured elds of view may alte, beestue St 
fa based on the simaltaneons sounding of all the Locl-signs, 
4 consomaton which tals i of the enduring presence of 
the extended. 

In contrast to the visite, the palpable is never simile 
taneounly apprebended in all its parts. The palpable Is felt 
1 unity because the same touch-censations return at each 
‘tinalation. 

‘We compared with the musical scale the interelations of 
the local signs, since the masial scale likewise forme a cane 
netted relationship, The degree of the celatlonship betwoen 
the individual sound i datermined by their resemblance: 
Dy that we determine the qualities that are jost appreciable 
between thm, This determination is rendered easier by the 
‘recarrence of the resemblance at each octave. 

1 is oot maadly oo dificult to determine the relationship 
of the Jocal signs, becawaa bere a enw quality coms in, the 
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‘quality of direction. When, on we hve sen, stimulation 
is upped at diferent paints cn the shia, it is easy to show 
(hat there ae two diflerest Kinds of rstionship the quality 
af direction, Nowever, does aot appear. We live oaly to 
Uhink of the “ plasand-nedles feeling that comes when 
mb "goes wo sep"; we then lcalin very exclly the 
{individual pickings in oar skin by manos of thir dieret 
aati but we have abucutely 20 sensation of erection. 

‘The seaaton of direction comms in oaly when ane lac! 
sige trikes op whe the others act mest elated 0 it have 
ot ot qoite did away ; with“ pinvand nodes” this does 
‘not happen. In” pinwandnoedles” we fol the change in 
hn quality very precisely ; bat whet we call" motion "is 
caly that change in the quality sehich & connocted with 
(he quality of direction 





puracriomsstcn 


“To simpy the desciption I weil cll that which connects 
‘he local signa a dicectico-igs. 1 would seam that all tha 
Jooal sas of the akin, wheresoever situated, are iavarahly 
cenanecied with thie scighboar by two direction sigas ony ; 
‘we had best call these * trssversesigns" and “longitudinal: 
signs” 

On cloer invetigntion, we observe that the drection- 
igus have & very important property which distinguishes 
‘thera from all local signs, ie. they are reversibi. With- 
fut hosing Sin character a3 transvenmaign oF longiedinal- 
ign, eraty direction aga wil serve for“ hence a well us 
foc biter.” 

[No quality knows to us het this power: the order in 
‘which the qualities appear can be reversed, atthe individ 
qulity tel never can. On that account, i bopen to quea- 
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tion whether in dicection we realy have to do with genie 
quali, ox whether we are not saarely dealing wth an 
‘opocalycfnry expressed soqucace of loc signa 

Fortunately iis posible give aa aneqaivra! answer to 
this objec, for we know of dixon sigas in quite wsother 
domain in wBich thee axe o local signs at all. { rler to 
moscular sensations, In all muscular gensations, which arive 
during musta cantata, drectiow-cigss almays apes, 
and they are so tong that they scmetines dows the gene 
ons prveneding from the wsicks ot the joints, Muscular 
sensation ae xo badly locliand hat ther i no qonion of 
theic being the canoe ofthe dalicate and precoewnanion of 
Airction. As toon as dirction-igas accompany moscilar 
‘enetion, we epeak bere alo of “ movement", and more 
explicitly, of our own movement. 

Disscton igus determine movement in the onter world 
ss well asin gnselves we therefore divide ther into “other 
sg” and "set signs” Since movements of otter boda 
am secorplihed outside, and eur ow movement ini of 
‘our own body. we may also speak of enter and inner direction- 
ges, The chiel ditinction between the to Kinds of 
Airecticn-cign consists, Romever, in this, that the one i 
atcompanied by w reception, the ober by an action ; th one 
is pcely senuory, the ober sensary-ostr, 

‘The imer diction signs foe our ov moverscot are of 
three kinds, i.e. buck and forth, ap and down, Icit and right, 
Arranged in series, the dizectioe-signs adit of every order of 
‘overent that a pousibia 

We contrast the individual sounds, a¥ the material of 
sensation, with the musical scale, an thelr sensation form, 
form which comprives in itso the posiity of all sounds 
cd at the same tie this necmsary arangetnt, Tn like 
manner, we stall contrast with the individal Joa signs at 
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signs 25 materia), motion "as their omsation-form, becouse 
‘within it every posible direction is containnd. 


‘When we close our eves and pictare whatdiceoutside-ou 
scives at fled with series of direction signs, we become aware 
‘tat the series re acranged not merely with relation to one 
‘another, Dut that each series occupies & fixed place. This is 
surprising, sioe war inner divection gas {we art dealing 
‘only with these here) are quite free from local sient, and 
‘What-lle-outtide- ourselves has in itsef no places whatsoever. 

‘Hom comes it thea that we are nevertheless able to assign 
lus fixed place to every directiao-sign ? On clover inspection 
1 appears that we are able to eplit up whatdicroutelde- 
courslves Into three pairs of halves—(2) right and lelt, (2) 
above and below, (3) before and behind. We intersect whats 
lieacutside-ourselves by means of three bisocting planes, 
‘which cram one another in front of cur hands. The attentive 
observer will notice Uhst, wile what-lie-outside-ourselven 
remains st ems, the system of the three planes sbilte as 
‘Our bead moves, 

‘As 8 magnet arranges iron Slings, 20 the dicection signe 
‘ofthe same kind place themeeives on the bisecting plane that 
‘beloogs to them, along the lines of this marvellous magnet. 
‘And thus a kind of three dimensional canvas is formed, in 
‘which the movements actly performed appear like threads 
of exloured wool. 

tis only by the insertion of the thee planes of direction 
that what-Hes-outside ourselves becomes space " as we Know 
land make tgp of ie a nothing but a pure form, ready to 
receive all our smnse-qualiting, and these beoome linked up 
‘with It divetly or indirectiy. Spaceisa perfect unity—e sel 
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contained law, Moreover, it has 0 Limits, for avery per. 
sxivable movemant is of necessity linked up with a diection- 
‘Alga, which determines its poitian in space. 

If we recognise in what Lins outsite-oprselves the possiblity 
of movement, then space as the connection of this possiblity 
‘with the planes of direction, wil be true " form,"—namely, 
possibilty and law. 


IDENTITY OF TWE OUTER AND CHRER DIRECTOR SIGNS 


Space, a we have jut defined i, ferishesdiecy the 
venting” for our own movements, for the musle- 
fealings in all movements that are actully performed can 
Alanya be coupled with dectowigas. We raust now show 
how the other qualities make we ofthis acaflolding and are 
jnftoencad by it. This inoence shows iselé mos lerly on 
the dretin-igns which are connected withthe local signa 
sod give nn information about movezent inthe ootsie work, 

The outer diectce-sigs, of which we distinguish two 
Aeinds, ce, teraverve and longitudinal ar dicey traced 
{nto the corresponding inner signs. according to the postion 
‘hat thee oc sign take up with relation to the plane of 
dlvection, Wheo T detect the stroking on the back of my 
‘hand, T get, over and above the seaation of touch, the 
direction gma. Along... long... slong and w forth 
“These direction sigan can be transformed every time into the 
Aicctin-signs, “ Focward ... frward ... forward" and 
20.00, or" Up... ap... Up"... "To tbe left... t0 
he lett. to the Bt”. on to the severed signa 
corresponding to thee, according to the poston whic I gire 
my band. 

TE my eye are shat, I know very litle about the position 
‘of my hand, on account of the impesectiy localised seasons 
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athe mncles or flats. (Everyans Koos that if you shut 
Your eye aad try to touch coe forage with the ott, yoo 
ten go wide of the mack} AB soon, however, ab the Sst 
local sign aromeed which i consected wilh the eesatlon of 
teach, I besowie quite clear about the relatons of this loa! 
sen with the three planes of dicection; T am “ orcnted.” 
now, atthe moment whica a serie of lc ht sounds, the 
comer directlcatigas belooging 10 them correspond, these 
latter at once get ther relation to the planes of ection, and 
transorm themselves into inser drecton signs but Vay do 
(his withoatasearaing the character of our own movement 
seeations, because onscolar sensations are lacking 

“The camequences of this identscation of outer with inner 
direction signs are very important, for they enable us ¢o bring 
164 cormnon measure our own seavemenis and movement in 
‘he ould wold. fT run the ball of one Singer along the 
ge of the table, the inner and outer diesen begin to 
sound together; but they are opposite signs. If the outer 
‘igns are "To the lett... sett... left,” the inner signs: 
wre To the right... tight... right.” Then the effect 
‘of the inner and outer signs, as an indication (index) of move- 
rest, is allied and I am aware ealy of ny own movement, 
The ines direction signs waite wit the outwardly trncterred 
tovebtenations, and T get the iespemioa of my owm moves 
rent of touch slog an samoved object. 

(Whereas muscilac feelings ate referable 10 the conditlon 
af one's own body, the sensations of touch with their very 
precise lool signe, serve a2 indications for properties of 
‘he onside wor} 

Tach cal sign instracts us concerning one spet in our 
cen body, bat itis the dretin-signs sehich determine ita 
Position in space. This fact is very obvious in the case of 
‘our fingers while they touch things end are all the tims chang- 
Ing their postion. The tip of the forefinger as become exict- 


condinarily seznitive to touch, and by its agency we test not 
© moch the aatarn of the extemal rexstance (for that We 
‘ase fn prelereace the ball of the Ginger) a ite position in space, 
1s 10 doing, we ignore what the local cgns have to tell us 
‘about the place of our body ; 10 give us that, the inner 
<icectlonaigns tink up directly with the sersations of touch, 
‘and the sensation of  pressam there” no Jonger mean 
‘reavure on the focefinger, but pressure at that polot in space 


1 cam easly be shown thatthe determination of the point 
in space depends simply on the voluntary dzection sigs, 
fe. on the directiomsigns connected with muslar activity 
called forth by our nerve iapelies. The peocf ofthis & at 
follows, Make the isle Enger bend isall over to the inner 
side of the adjacent ring-Snger; then shat your eyes and 
pres the adgn of card on the balls of both Singer; you 
‘wil eet one straight edge. Now with the other hand maeve 
the same finger acros the ring-finger(earely farther fan it 
was able to go unaided), hold it Sly im this positon with 
the ving Snger, and now prem the face card on the balls 
of the Bogers: if your eyes are st, you will tis te fed 
two cards, The iluson disappears when the eye are opened, 
‘because the aye at ooce make the corection. 

“To the ame cause ia celrabie the well-known experiment 
of trumaforming one ball into two by touching it imal 
taneously with the index and middlefingers crowed over 
one another, 

From all of which it may confidently be inferred that the 
‘wery defsite venations coming from te jointe and thet 
ligamenta, although thenuelves localised, have 00 diection- 
igus to inform us so to the position of the tage. The 
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smorclar sasatins ar fechie x comparno with these senat- 
tions in the joists; consequently, we feel the finger-move- 
reais within the fger Isl, although the musdes that 
Produce the movements lie i the forearm. The moscular 
senaatoes become diatinet ely when we cench te Sst: but, 
i that cae, ther reno sexstions of diction 

‘This sort of thing indicates that the direction-signs are not 
fndinohbly bousd wp with moscaar sensations, Dut with 
the impolan that iniinte movement. I me farther evidence 
of this inthe fact that when we swing our arms to and feo 
there isa summation of the seston is the two libe, but 
a mblaction of the eetin-sigs; and thi ead ws to the 
fact that we can dntingeiah wo dierent Kids of imervar 
ti—o0e tr mseane action snd one for movement, When 
‘we seize an object, we are innervating a muscular action ; 
‘when we move it to another place, we are innervating « move 
ment, In somewhat more complicated movements which 
‘we pertorm with ease, we should be greatly embarrassed if 
swe cocacinsly erred the indivieal muscular actions to 
Totow one after the other. It is easy for us to write the 
mameral 2 on a sat, wth our eyes stct: but we have no 
idea what muscu action we st aging i onder todo. 

1 wat Heimboltz who pointed out that we aust have 
innervatiowsentatioes fc the ixpases elgg to a central 
Aemeorean. As won aa we ing thom into reaton with 
the pales, the inaex aeons appear fa te & new 
light, We imervata smeraiar ations ether by a singe 
‘impute, ut im cenching the ft (in which cate we ignae tht 
dizetion gas), oc abe we incervte them by ex impulse 
sequence, ax im writing (in which case we ace conacounonky 
of the direction-signs}. 

“The flowing experiment gives as se infomation aa 
‘the rele played by the direction-signs in inmervation. First 
veith the right hand and then with he et write slowly inthe 
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sir the agmersl 3: you wif get two numerals in thet corect 
‘postion. Now quickly give to both hands simaltaneousy the 
carder to write a 3, and inavead of 3 3 you wil get ¢ 3,0. Wo 
numerals, of wich ene is the mikvor-image of the other, 
‘Tha ia not surprising, stnce the amsces of the (wo army, 
although alike, are arranged mirtoc-wise with relation to one 
‘another, The experiment merely shows that the nerve 
‘impale ia divided betwees the two arms to carry out the 
same movement, aad that the movement is petorted withont 
‘etereace to the diferent arrangerent in the lft arm. 

very muscular action is connected with « diectionalgn. 
For the right hand we Rave leaat by now to make the inspulses 
seceed one another in such 2 way that the dirsction signa 
thereby sounding produca the numer? 3, When we initiate 
‘he sume series of muscular actions inthe left ara, the mxrror- 
fumage of the womeral 3 must rest 

Nevertheless me are somewhat sorpcised, bocanse we get 
‘ove of the effects we expected from the left arm. Before 
the act of writing, me picture to ouneives mace or lest clearly 
‘the mumerals 3 3. and we Sind now thee dhe result does not 
cerrespond with this preconceived image. We should Teal 
‘the same astonishment, if, when we wanted to play a familiar 
‘toe un « piano, we found dhat the strings of the piano were 
arranged in reversed seqoence 

From this experiment we may Infer tbat the precanceived 
image, however exactly formed, does not directly innervate 
‘he muscles of the left arm. The precooceivd image consists, 
in the best imtances, of cavefely ardered memory-sgms 
which are arranged extensively like the actual dieeticn-igns, 
To contrast to this, the {anervaticn that Joitistes the moves 
‘ment condats of separate impulses which follow one another 
{is time, For the arvangerent in time of diterent factors we 
shall exploy the enrrent term for a sxcorsion of somnds— 
valipae 
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‘The malody of the impalses is quite unknown to a, bat 
it enters dizeetly lato our consciousness when we perform the 
‘actual oovesent and the directior-lems resound, or when 
‘we play off thels mercary-cigna in ont imagication. 

‘As soon as the movement begisn, direction-signs appetr 
whch ive ts Information not as te the uncles that ar in 
action, bat a3 10 the path thet is followed in space, So wo 
earn chat the ett acm is following a diftecent path from the 
Tight, To thos far, we are jastibed in describing Ube dirction- 
tigns a8 signs of the innervation that has come into action. 
For the performance of a simple mascalar contraction we do 
ot require the melody. 


‘An wr hnow, Kast ctabished the doctrine that we have 
information about space belore we have any experience, 
‘beense, a6 the form of lattice, space sum precede every 
cexpesicace. Bet space docs not der therein Seo the other 
onms of wens perorpton ; the sisial scale isin existence 
‘soon a the st sound i perceived, andthe Steal seen 
ready ban its complementary ealoe blocs ever that enters 
‘our pareption. The relations, regulates by law, which one 
sound bears to all other sounds, and those wich oe cour 
beat Co all othe colour, mast be investgned, it ig tag, i 
experience, but they precede all expecicoe and wary veveal 
‘heir mature withthe begining of the int experienc, 

The ceaton why an eateptonal puition i accorded to 
sce in contrast to ther form of sease-peroeption i ite 
othe. All reaue qualities that are vot connected with our 
movements are called forth by inprenions trom outside, 
‘which are ectimly indepundeat of out own activity, Only 
hoor quality which acoampany oor own movements art 
‘ite independant of the ootside word, and ence of any 
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extemal experience. It 1s just these qualita, and moore 
especially the disection-signt, that have space as their neces: 
sary form, On that account, we can develop the whole theory 
of space without the asstance of exter experience; and 
since all the otber qualities come directly or indirectly into 
‘elation with space, we may say that space poordey all 
‘experience a6 the form of tntition commen to all experince, 
‘and that the laws regulating it, which we investigate through 
the inner experiences of our own moverients, were a prion 
‘therein thee entirety 

Bot with space, not merely do its laws precede external 
‘experience, but 50 aso does the science of ese Jaws. This 
cexplaint the exceptional part played by the Sure in plane 
geometcy. These Sgures that we draw are not outlines of 
objects, bat imperiet symbols of our own movements; by 
‘he attempt to commit to paper By mans of Fines the series 
of direction-signs we study the relation of these moveraents to 
one another 

11 is clear that plane grometry precede exteral expert 
ence, but equally clear that plane geanetry is a creation of 
interaal expectnce. We sboald be Jed into serious err if 
‘We were fo assume that somebow, by means of memory signs 
in the imagination, we could establish a scence that would 
infor us as towhat actualyhappess. Anactal phesomenoo, 
‘whother external or internal, ean only be rocogaised in tel, 

‘While it is tre that there can be an idea of space isto 
hich the memory-signs can be thrown, yet space Hielf i 
‘ot un idea. Space is an eaeatial coonponeat of wir organisa 
loo, and, as such, an actual law of mature, vad eubjectively 
‘an wll an obectively. - 

sn order to give we tome insight into our own onpucisation, 
Kant made apperception the cxatral point of bis doctring 
‘Appercepton is the activity bing ak the root ofall paeaption. 
‘Only when it isin action can we lear anything sbout the 
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rganiation of our subject, which dhe fies shronded ia utter 
Garkness, Whatever the pereeptic, tbe activity is of the 
same king; diferent quaitca are constantly being associated 
‘into uustien The power of the sebject that exercies this 
appercaptive activity is for ever creating new etroctures; in 
Its very nature, iti x formative force. 

‘The material for this construction ia furnished by the 
qualities; the laws governing the construction aze tbe forms. 
From forer, material and law the organisation of our eubject 
becomes revealed tos. 

Hence we are justified in calling space 2 law, since it Ia 
‘the most general form of semse-pecception ; and sinte the 
artivity of our mind fs the only part of Nature directly knows, 
{to ws, is laws are the only ones that we can justifiably call 
laws of Nature. The determisation which space imposes on 
all object is undoubtedly a nw of Natare, 

‘This determination according to Taw, imposed by apace 
all objec, i, as we ave seen, twofek! -—(1) possibility of 
mavement and (2) position with regard to the three planes 
ff divection. From is consideration arises the question 
‘whether epace, although it represents & fundamental Inw for 
sl objects may not itself be merely creation by apperoeption. 





‘The clon pot into our hands by Kant to enable us to pene- 
‘trate the mystery of the organisation of oar enbject, depanda 
‘on aconehasion drawn from tha activity ofthe gubjec telf an 
{ait ow comstitotion, znd bence lrves unsolved mazy quen- 
‘ousas to the natura ofthat orgassation. Tn contrast to this, 
‘the ongazination of our body lice exposed before ur ey, 
sand does aot have to be eavealed by conclusions drawn frou 
dts activity. 
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Organbation means anity in which the diferent pacts 
ase combined into a whole tongh the agency of a common 
ctivity. This bole good for the organbtion of ear body 
8 well 05 of one mind. Now the dierent activities of the 
telod ar 90 omy conecied with the activin of the varout 
ocguns cl the bony (ight withthe activity of the ee, bearing 
‘with that ofthe etc, ad so forth), that we caw the fliowing 
cancion :—is some way or other, each organ of the body 
sorrmsponds Yo an cpa of dhe mind "Taro dhe maslold 
experience of every day, we learn that the supprestion cf 
‘an organ lends, as 2 conseqosner, to the cuppreaion of an 
euvly of the mind, 

“Here we sea a way in wbich we may solve the twefold 
problem of wpace, Lat uy to Bad an organ of the body 
‘ease resovainiuances our spacetorming activity, ether by 
destroying the diction signs or by suppres of the planes 
of diecton, 

yaa, eatalisbed the mech-conteted theory that the 
sericiccular canals of our ear stad in relation to the thee 
Plans of dicetion. It is impenle to pert the ecsve 
experiment on curses, We caxnot put this mysterions 
organ cat of action by stopping up the extera) eulitory 
‘estas, as we can pet the eye cu of actin siply by osog 
the eyelids, We ae obtiged thule to ror to ambiguous 
sim experizet. We must fat asc ourselves what visto 
dlntarbances of the cotside world would appest in our own 
‘ate if we wece rodlenly depeived of the dcetin plane of 
our own space, and then find cat whether anizals deprived 
of thei emicroalar cana chow corresponding distances, 

‘The planes of direction permit af our transforming the 
relative position of movement in space into an abectute 
aston, becaume the iva diecionsign, by eagon of 
‘hie ied retin to te planes, pear ite separate stitch 
sera ix frm canvas, Removal of the semicrlar cams 
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‘would mean the removal of this canvas and would deprive 
movements of ther fred position in pace. 

tn order to imagine the injury you would sufler from 
‘wuch « Joss, shut your eyes, and with your hand quickly bring 
|X fiat object, such a5 2 book, from a distance to the boondary 
Detnen right and eft, then to thé boundary between above 
tnd below, aud Gaally to that between before and. bebiad 
‘Yoo can then couvines yoortl! ofthe exactness with which 
‘the bomading pines are found and wbere they Saterect. Wa 
cary around with ts bear the tip of the won ex inva co- 
ontioatng ocgan as the asi of oar movements, which js 
ite maficted by all the inhuenoxt of the ontide worl 
ana by the partion ofthe rest ofthe body. ‘The los of this 
‘asks would undoubtedly have the moet Scjerious eect an 
the ontainty of our movements 

“Te planes of direction infiumce suet of all the move: 
ments of our eyes; their lee woul theoeors be flt there 
aost. We determine the postion of the varios objects in 
‘epace by extremely rapid movements of the eyes; these 
ovement stat from the middle poiian, and go (and fr, 
eis east to veily the omtizally repented retura ofthe 
70 tothe mide postion by watching person whois ooking 
at rapidly puming objects The to-and-kro moverent of his 
yee fs known 25 normal sytngans, Very diferent is the 
bormal nyrtagnos which we observe in anisals that have 
deat their veiciewls canals: ere the eyes rol continealy 
to and fro from one comer of the orbit to tbe other, as though 
‘they were seeking for the lost median position. Animals in 
‘hat state prefer to emais i the dark and only very gradually 
Go they re-ecquire their mormal epemorerents. 

‘The plctare they present corresponds in all detais with 
‘he condition we sould be in if we were muddealy deprived of 
‘he diection-planes. {tis only throug’ Knowing the planes 
sf dirvtion that we aze always able being our eyes back 


exuclly to the starting-point, and, in this way, to determine 
the position of varions objects im space. Uf, im looking for 
‘Objects, wa were to roll our eyes from side to side in a com: 
Fletely uncontrolled way, intolerable confusion would result, 
froon Which we would Ber sway into davinees, Only very 
gradually, by having ctcourse to the external direction-signs 
‘with their loca! signs, could we leara again how to orientate 
courses in space. 

Sioce it has been demonstrated that, after removal of 
single semiciveular canals, disturbances in Ue movements 
vocur ia quite definite directions, I comsider that Cyen' 
Chwory is proved in its exsental point. From his thecry, Cyan 
thas drawn the conclusion that the drretions of space are 10 
be reckoned amoag the sersoqualtie, and that spuct in 
‘Kant's sense should not be put with the forms of intuition, 
foe it Stel most fit be focred, Is this T see only an 
apparent contradiction. L, with Kent, we maka the oon 
utynctive activity of the aubject the vary centre of our oom 
sideratioo, then we can very well imagine that the busineus 
‘of construction (and apperception is nothing more of lee 
‘than this) fret creates the forms of intuition, and then pro 
‘ceeds to male use of them. As bas already been emphasioe, 
‘we Know nothing about the real organisation of oor mind, 
‘Only through the activity of experience are the Uhre factors 
revetled which Kant discovered, namely shaping power, 
‘muteriad and Jaw, With the beginning of experienoe, these 
throe fant form space as = form of intuition, and spaon then 
yields the geneml laws for all forther experience. Un- 
‘oubtedly wa know mare about the forming of tpace than 
Kant did; but everything he seid shout space as the want 
‘whereby we construct externe) experience, retains ite full 
value, 

‘With the fst movement of our limbs, oar inner experi 
exes beging, snd the Sint diectlonsigns are manifested, 
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Space is at ooce formed, and it Is made up of the pousbiity 
‘of movement is all directions (which possiblity Se the maott 
general relatioeshipform of the dirsctlonaigns) plus the 
‘lanes of direction ; the actual movements are traced out in 
(pace defcite sri of direction signs. 

‘That ft seeas to me that the theories af ane af the most 
‘sifted of physiologists ane realy ia full acpord with Kant's 
doctrine ; it ib only aow and then that his enthusiasm over- 
shoots the mazk, 
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‘When we look at the workd with one eye, and at the 
sume tame move the eyeball to and tro with floger, the 
objets wurounding us begin to aving to and tro atthe same 
rte; whereas, whea the moveseats ofthe eye are peroroed 
‘yy our own mice, the objects remain stationary. Pasive 
nd ative ag of the ee, thea, produces eniey dierent 
result Feoc this experiment Helimbeltscopduded ttt the 
fanervatio of the eyes is made own tout by special 
qualities ofa central sense. We call these qualities dlietion- 
gus, The experionent tb even mare; i chown ts that 
any Gaplaceaent of the retina is alone sfichnt to ive ws 
faformation about movement. When a2 image of an object 
sbift on the retina, this sevaiaby gives an impression of 
smovemeot ; and tia wether iti the objet that hus sited, 
rth retina Hts. The appearance of the foal signa in 
catinore eres prodaces in the reting, jut as inthe skin, 
the impranin of movement 12 the ouside wk, We 
beome comelous of our ow: movement only through the 
‘movement of our music. Our ove movement is re- 
vad to us by the inner dzetionsipse which scompany 
cor impuies wen the maces we elimulated. Toe aster 





direction sigan el us shout movement in the outside word ; 
they come into being with the sounding out and dying aay 
ef adjacent local egos. 

imbolt's experiment shows that the two Kinds of 
Aicetion-ign which we have distingnised from one anoter, 
cn relly identical, tor oaly identical bt opponed signs can 
sna one another. 

We alo arived at this naclaion fom out dicaason of 
‘what happened when we aid the balls of our Gages along 
the edge of the table ; bot with the movements of our limbs, 
‘he easatons in the mesces and tendons play oo large part 
‘hat we cannot love the fcing of our ws movement, With 
the ye, however, the sabsiiary feligs become quite ‘acon. 
spleuous; and 20 here the opposed signs can completely 
cance oe another, and we get an impreason of rst, 

1 te nly trough the eye that we Docoe certain that 
motion is aot merely a derived concep, but tbat, just an 
spuce {a the form of the coexistence of the diretion-sigu, 
0 motion repeseats the form of the sequence of the dice. 
{ton tiga ; accordingly the appearance ofthe fst dictaa- 
sign pretppoess space as well asthe 

“The prodaction of 2 secood Kind of ilsory movements 
f objects depends onthe assuxption that each retina is Uke 
& cheu>board oa which a game of chess belng played. 
How is it hat the two games simeltancously played come to 
(our coniciasocss at one? ‘This ts explained by identioa 
fields of the two chex-boards having the same local sigs 
and two diferent things can never happen easltaneoualy at 
‘the same spot. Now, wile loking at an object, tur axe 
‘ye lightly ontwarde Git is not every one who eax do this); 
(he Sekds of sight wil sift towards axe another, end the 
antine of the object, which inthe ane eye keep its origi) 
hoe in the other begins to hit The sifting is not per 
cvived through the outward movement of the eye that hss 
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‘been moved; of thin we can ennvince ouronives by covering 
the oye that han emaloed sti. 

Tf we imagine the retin fo be superimposed on which 
‘an image i to be thrown, and lat one retina be shifted laterally 
by its eyeamoscm, the image no longer falls on identical 
retinal spots, und owst appear double, because now there 
fae two identical places everywhere. The movernant that 
appears when this happeas is not peresived by the retina 
‘duat has shifted, foe on it the two kinds af dirction-sigus 
balance ove another; it is perceived by the stationary aye, 
which han not followed the Smpuise. The displacement of 
due stationary retine relatively to the one chet hes been 
moved is not balanced by inner direction-sign, and canse- 
quently mst appear 25 movement in the ontsie world. 

‘That outer direction-signs should appear even when the 
image has not been moved shows that these also are in- 
Gependent central qualities ike the ianer direction-sgns, 
‘which in alk points they ementally resemble Similar direc- 
lon signs (inser and outer) appear sometimes in association 
‘with ouucnlar actions, sometimes with local signs, end either 
combine together oF else cancel ane another, 

‘Hence the remarkable fact that, though hen we look 
‘around ws, the images of objects on the retina contingally 
‘timalate fresh local agns, we do not always notice this, 
‘end the objects do not leave their places? consequently, 
they acquice a postion in space which appears to be in 
Aependent of ux H the directionsigns did not balance one 
another in this way, the woclt would love al its repose; in 
place of itt calm, there would be as intolerable dancing about 
cof objects, mich as we experienced when wa moved the eye- 
‘bal with the Sager, 

‘To mom up beiely >We got knowledge af the direction- 
sramtions or dirctionsigss from two different eouros, 
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local signs ; and secondly, through the innereation of our 
‘moscalar activity. Tn both cases, thse teneations show the 
same very impoctant property of reveriblity, which is mede 
porsible by reciprocal canceling of the dircrion-ensttions, 
Fram this we conclude that both kinds of direction signs, io 
spite of theic diferent origin, are united In ene and the samme 
central senge-organ, This central sexse-argan for the direc 
‘Hon-lgns isin clove connection with the semicircular cazaia 
‘of the ianer ear 
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‘Having brought the analysis of the basal elemeuts of 
ilogy thus fr, we arn in position to explain sme prob- 
Jems of fundamental mportanes. It was Heboltr, a8 we 
now, who pointad cot tht in a world of human beingt 
Daving cylindseal kan, the axiom of plane geomet, i 
ccance with which the shoctcat distance between two 
pola mat be a sight line, would not bold good, We 
can now explain this paedor, for we ota show that there 
are two sorts of straight lines, one of which invariably obeyy 
the axiom, while he otber doe not 

1 we understand by “line” w aie of dintion sian 
then andoabtdly the straight tne (ie, che eqaeace one ater 
the other of all the ales crecton-ign) ie the detest 
oun, i. the one tbat caine the mallet somber of 
irection-signe to get from one point to another. Every 
Aviation from the staght course by bringing in dirction- 
signa of other kinds, wi once or lta Ind to the ntrpla- 
tion of the opposed sign: and such a couse must be reversed 
agtin ifthe gual is mot tobe mised. Each détoer, by hin 
interpainioe of other signs and then thes corecton, is 
creases the muster ef iectionsige employed 

1, on tbe otber hand, we snderstend by” oe "8 oven 
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a optically cette doa es, then it is ions that, since 
lageforming on the reas is under the indonce of the 
‘optical apparnts, ozaicnally 2 completely Aitorted Image 
ofthe Rae can aie, The optical lice ts subjected to ll the 
‘eietedea of extemal experience, and {roc thee an wom 
‘an never be drs a it can Som intemal experince, 

‘oat sa there are two Kinde ot Hines, so ao there are 
to Kinds of points, As is generaly known, we aston 
the immaterial (omthematica) point trom the material 
(Ghypical) poist. ‘The mathematica pot ix dafacd an the 
‘place where two lines intersect. fo this cae, by “ime fe 
‘understood a series direction signs. The mathematical 
‘Point, consequat, bes no exten 

‘The phytleal point, of atom, sno other tan Lea ign + 
senve-qaality. Only by establishing this, can we expla the 
Jee contradictions of this primary element of physic, 
0d at the sme te the ecetty fo its appation. The 
Toca ign isthe wallets quaatity of space Foown to w# that 
‘owsesues fore for 13 ender to create a form several oc 
signa ae needed, For the mint rason the aot, a its mae 
inaptins,nindvinb 

The lca ig lwo tel rater, but i sto be found 
‘only in conjunction with other senue-qeaitien which serve as 
luractevstice of mater. ‘The loaal sgn is the smallest 
snail receptacle fr each kind of mater, but it Hf por 
roves none of the properties of matter. (ft i neither bhue 
sor re, neither Light nor heavy.) Nevertbelest, the loal 
sign governs a the spatial law of matter, caste iio the 
aly teaver of matter in space. This description of the Toad 
sp i atthe came tne a complete ensmeetticn of the pro 
peti ofthe atom. 

‘From this it fellows tat to define the atom asthe primary 
Semen of all kinds of matter is wovng. It is pomibie that 
all mbuances are coupoed of one primary elemest; only 
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‘experience will teach ws whetber this is a0, But it is certainly 
ot an axiom. 

‘A thas is certain is that every physica analysis must pro- 
ned from this indiviible, smallest space receptacie, withoot 
foxm or substance ; and it mast ead there, beonuse wt that 
point our own organisation bas set the lis to investigation. 
‘Se long ns by the nid of optics we ac exalted to magnify the 
femalleat particles of matter yet known, just vo Long will our 
local signa go on creating fresh stews. The Umit to this ia 
purely practical. Teer it no theoreical limit to the practical 
‘application of fos signs. 

‘Summarising, we may make the following definitions 
‘As the point of intersection of two seis of digectian-iens a 
mathematical point fs» point in apace that has oo extension; 
local aga isthe enalest spatial magnitude; an atozs, 18 
the association of « local sg with a serse-quaity, indicates 
«material poist in space. 
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By this time we bave been able to eatablish an slrsost 
complete paralled betweea the furcions of touch and eight 
We even speak metaphorically of "emeping objects with 
‘he eye. Bat thin very expreaion gives tbe clue to where 
the ilerenoe betwers touch and aight 1s to de sought, 
" Sworping”” aa object means a movesent of the and ar 
‘ye in which ony a few cal signs come tnto activity. When 
the eye is moving we call the employment of limited lal 
ign glancing,” ana when the eye ts stationery," taring.” 

In contrast to this, we describe the collective emplogaient 
fall the focal signs as “looking.” We know of to parallel 
process for the act af toch, where all che local signs in 
‘the ski come into activity simaltanecesty. 

1 onder to take glancing posible, a specie contrivance 
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in the retina is fected; this isthe yeDow apc, in whch 
lis special neceendings. the conn. With this part of the 
rstinn, which is atthe se tie the gion of sharpnt vison, 
fee ae” object with a hance. 

‘When we read, the eye bas to lfow the gulance of the 
lines of letters and Gqazee; we do no moc than“ ance.” 
Tarough the fequent repstiton ot the same sequence of 
direction, this sequence of eyabes Ses itll ily in 
cur memory like & tele, and enables 1 no oly to reag- 
‘ite the known eter when we se it agin but alo t cette 
‘an image of it ja our mind, Finally, by copying the letter, 
Wwe alaBUGh the medy of the ditionsign so rly that 
the linpaketequece for the muscies of the acta flows in 
‘the manner that the melody prescribes ; then we are able to: 
vite, In a previous expeciment, we convinced omelves 
‘that the same impulse-sequence in our two arms, of which 
ane ls the microcdznage ofthe otc, vee se ta everal 
tf the direction tbe line taken. As a ater of fact, whee 
once we have learnt to write with the right hand, we can 
Atmightway procuce mircor-writiog with the Ieft—given, of 
course, that the left hand ls not by natuse too clumey. 

“The same proces that i gone through in laring litera 
of the alphabet, coca over and over agua whan we observe 
cbjects, We“ swerp withthe yellow spot the outlines of 
objects over and over agin until within ourselves & maldy 
‘of direction-signs is established. We ose this melody in 
order to recognise the ejects agin; on the ater and, we 
se i very seldom cx very impertecliy for reproducing thes 
im our imagination as the melody of memery-signs. Thus 
ft comes abost that we are bol spertecty informed aa to 
the member and alates ef the impubesequence: we have 
no meana of recognising thers ety, and we Kzow them 
nly ‘adrecty through the medium of the melody of the 
drecthe-ig. 
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‘The artistas hn deus is the only man who can Int the 
maladies of the dicectionsigns beoome sally vivid ia his 
Smaginaton. He must do this f by the dacctiousgns af 
Tis eye be isto sontal the imple sequeacesguiing his hand 
Tong enough forthe melody of it dreten signs to Boone 
0 strong that it gives unering contra, 

If we adsit that in the greatest artists the pomec of 
aeprodscing the melody in the imagination, and so of oxa- 
‘uoling the band, Is cari’ to che fathet Ht of wat is 
ponable, then the Snished deewingferishes ws wit a cterian 
for out own mle, forthe lines of the drawing thow asthe 
venti features of an ject much more dearly thas we 
ssw them inthe objet ited. Hence we may concie that 
{nan artist the melodies are far perce end far stronger than in 
‘ourselves, and om that account they enable ia to secrete 
{away that we shoul ind impose. 

‘Our interiocty snot referable merely to ou ewe alent; 
the eaeesines af our observation of the external woe i 
evident enough and it leads to the construction of seconds 
rate melodies. How many people there are who content 
‘themselves with conttrcting 4 single melody forall trees | 
‘A melody ike this mest be quite meanings sice & wp 
preuee all those diflezences which ace chracertc of the 
forms of various kinds of tres. No doubt the widespread 
sue of writing, which govers oar every step, especially to 
towns, ib responsible for turing our attention from natam 
objects. We become aware of this when we try to find our 
‘way about 4 city where the dectins are posted up in te 
fasailar letters. Moat people are then deprived of sens by 
‘which to guide themselves, fot to them one honte lols ike 
another, and ove street Hkx another. 

“The melody of Gtectionsgns which obmevation of out- 
Aine gives, farses up veth one of the chet characteristics 
ftom whic abjecta are bat op. As are, oly part of this 
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melody need sound in order for ua to recogsise the object 
tugain. Foe many objects we must form several melodies 
‘we want to recogaige them at the fst glance, If we have 
‘ot dove this for one ade of the abject, wx do nat recognise 
4M, but content carslves with saying that something & there 
‘whose outline tire 20 melody when ear glance rats cn St, 

‘We are faced bere with the astonishing fact chat me are 
coaipleely ignorant a8 to one of the main characteristics of 
objects, certainly no les important than colour of aml, 
nd become conscions of it only whan we make use of It and 
then in victoe of the accompanying quality. We employ 
Impulseeauences all the tine, and yet they remain con 
‘cealed, ike the impulers to our lasynx when we sing: of these 
we become conscious only wha they are tandated inlo 
sounds, either in reality or in our imagination, 

Hiere we get to now a very ra factor in our orguization, 
4 actor which, in arder to become apparent, must find ex: 
reason either in time as a melody of sounds, or in time and 
space as & oody of direction-igns. We can do no more 
‘han observe its operation and establish its exitence. AS 
so00 a8 we attempt fo clamily i im the organisation of our 
subject, or ask oxreeives whether we can fd something that 
represents iin one brain, it eles ma. 

‘Wat isso tantaining i that we formed the melodies fea 
‘the impubesequencen themsives: sssmediy, kmowinlge of 
the letters of the alphabet is not isbors, Neither can we 
‘omtent ourselves by saying that the meld is just « role oe 
4 method of syuematising which we then impose on the 
sequence of direction-signs, « rule that simply cannot exist 
part from the phenomenon with which itis astocisted. No, 
the impelassequence forms the sla-eries quite ox ite o¥m, 
and without reference to whether we ace cognisant of it 
or not. 

‘Aik we can do ts to eatbilsh the fact that, after frequent 
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petition of similar scran of somnd-qualiton oF dertion- 
sige, an X i formed for mind, and thin X combines into 
A loge unity the entire somed sequence or signeequance. AB 
som as the Sit notes wand or signs appr, thin ity reveals 
‘ite presence as an already existing whole, and then, when the 
sounds oF direction-signs are re-created, it preseribes their 
feqoance 

‘When we look at « familiar object or listen to a piece of 
music that we Soom, we Seas nothing except that a unity 
coxresponting to thn ia slveady grew in oor mid. All 
we discover is tha fact that this unity is already completely 
formed ; we learn nothing about the ity itself ar about the 
procee of costrotin by which it wes formed. And aczoed- 
lngly, thin naicy, which we have calle "impale sequen,” is 
Ital 9 ving, stive factor, which, when we raprodce the 
signs or sounds, set ite mark on the uaties ander its conte 

So it appear that the mot inpertant proces of life 
ame gane through incomplete beat, along on oor se 
cf appearances One thing we can afi with codence: 
‘he set of the mold i (o be sought aot bei objects, 
‘i behind mubjects, 


[In suusle, we distinguish between melody and symphooy. 
By “ melody ” we onderstand the orderly sounding of mesial 
ates one aft the other; by symphony, their somding 
‘dopdier, Wher combinad, melody and symphony give ws 
harmony. In glancing at objects, we drew x comparinn 
‘between certain rogulstly recaring series of direction-signs 
‘and melodies ; we might describe as the eympaic theory of 
Tooling the rakes that ere revealed wen all the optical eal 
signs are cmenant. 

‘As raw material for perception, the sum-tota) of ou 
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‘optical local signs turnses vs with bot eno plane, which tx 
cmpoaed of srtane, rutally nfencing eae another ws 10 
alow, form and lamisasty. Strange to say, Helnbatts, 
‘while dmoribing at lame the rales at fauence luminoaty 
od oalos, wegated to the zeal of opti asion all the 
laa he nretigated concing the inurscng of spe und 

“Thus it has come aboot that auch phenomena are til 
‘ueated as "cuties," and inthis province we ar without 
fhe ppoundwork fer 2 theory of ephony. And yet itis 
onde to recognise at the fist glance gener ras which 
secve to waty and simplty the Impression we receive of the 
‘whole. When we lok at aa objet, the eye it guided moat 
‘ually og the two chiet directioas of space: evay tailor 
‘ows that other with Fogitdinal stripes male the woazer 
Jook tighter, and that traverse sips, on the otber hand, 
ake his Dock beonder, The eye attempts to render paral 
AU ines that donot deviate too fas. The razching of lent 
troee pea eins the ky takes ca tbe ximplest posible 
pattern, 

‘This compensating activity of the eye can be observed 
moat clearly and interestingly by Sing up the Bind spot in 
‘he retina. Hold at arm leagh intent of the right eye 8 
‘iver nobbed walking tick, Weeping the let eye shut; then, 
holding the imob level, move it towards the cght yo will 
find tha, Uf tbe eye is kept stil, the kaob disappears om 
pletely af one point. In its place appa the ines, shadows ot 
pattern of what is the background for the time being. When 
the blind spt is fied up, the optial imagination always 
completes the anracescoly, and never the object. 

‘Tough nthe twilight our imagieaticn tazaorma tres and 
‘rsbes, 0 inthe day-tinse the apes ef loads, ate the most 
vexprsng objects, yot the opi iougimation is exientingly 
limited in it activity. Nothing new ever appear in the 
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‘lind spot; the surtacs srroanding i simply grow tog 
‘We gat the imprenion al the wile that quite dierent 
‘ind of reagination is at work here, an imagination completely 
lacking the power to form shapes. 

Tn any case, the fact that we are continea fling in 
‘0 anatomical hates with ax adaptable product of the 
Kenainatlon quite indepeadeat of our wil, ses us thinking, 
fox here what ia bodily and what is spiritual ceacy bave the 
same origin, And ts ie a song indiation that bodily 
things, Uke apittual, are merely weaifestations of the same 
rmlonwn matical free. 

1a the phycllogcal text-bocks we fad cated al hat 
fs worth Snowing aboot the reprocaliaereas of light, 
Alark ad coloured sucaces; but thie wealth of materi has 
ant yot bean utlised for a elicic theory of sight. Yet 
{a Goetin's works are tobe discovered the foundations frit, 
and set orth with his incomparable origializy. But the 
physicists rate Goethe a5 an emetesr, and accerdingly the 
majority of physiologists Ulewise meat his views wilh oos- 
tempt. The reason for this misunderstanding lies io the 
fundupeataly diferent sandpciats from which psn and 
‘ology regard the worl. 

1a the word of the phytic there are say objects, which 
Tact on one another Uhoagh the medine: of space; in the 
‘World ofthe bilo there ae oly appesrances, wich act 
‘2m one another throug the medism of te sect 

‘According tothe physical theory, wavedite vibrato 
Aiflereat diaeters pas cotta ftom all objects; each 
of hove diferect Kinds of waves coexponts to 4 cxrtain 
colonponive. Tt it, however, « grea mistake 0 suppose 
that this explanation x ix with even the cmplest facta 
Ewe cat out of the spectrum a the colours exept pute red 
tnd pore gem, and aminate with these alone the «ame 
close sarace, that surface will appear white, If we mix 
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1 blue grom pat with s elw-ren, the mstre is grem, 
ven when, the colours we start rth, the green admin 
ture was 20 faint as to be cacy perepibie. The reno 
Sor this in that ae and yellow when mid give mbit, a0 
nly the pres comes ot a coker. 

‘We cll the pair of coloae thet unite to ive white, 
‘complemantary ocloars Every coloured surface hay the 
[power to cal frth ite complementary color in tm envcoo- 
tit, and ls, when itr own cloor dimppeary, to take on 
te complementary clr. To explain thi, the phyilogitn 
ae obliged to amare special arrangements inthe retina. of 
the boman eye, dice pi theory is at complete variance 
sri this phenomence. ‘Th rciprocal ection of colored 
senises pays an iprtant part io natsre: for instance, 
(be shadows af tres co «ow road seem be, and 
dowshadows ox the hue ree sex appear eddsh 

owadayn there can no large be axy doabt that ia the 
riba of exis in the world the subject plays the 
ecave le, But feling with Goths, we can wel iragine 
the warn he must ave had forthe physicist who wiley 
refed (3 coaider mach thing 

It in worth whe fo pause for « momeat and inguie why 
it that pain is bound to dey the thong. The oficial 
physical theory wands oc falls wth the doin of the abeclite 
realy of son. Accocding to this theory, ope object catot 
affect another exorpt by means of actual changes in spact. 
The complementary ect of cleared wurtaom, weve, it 
nothing of the kind ; nothing a ll happens i the objective 
wold that mid be accounted for im sacha way. For 
ample, two colored surfs 10 paca that there as be 
1 mitual iradiatios, nevertiew intvencs exe anothe. 
On the ocher hand, there aze fo the mbject atlas and 
reactions according to law, which woomst for the com 
Plementary phenomena, 
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‘Thavogh its beet in the absolute existence of an objective 
world, physics has coms to a deadlock. It overlooks the 
fact that the only reais i recogaiae—aamely, the stoor 
sand ita notion in epace—arn subjective ales, whlch, 
ike all qualities, permit of only a tinited application. The 
stom au the primary Wewent of matter, which, in its very 
tury, is dixcootinuos, is rere to the local sig, anid 
rotics, which is oontisooas, to the dicectenaign, Both 
these quulities have meaning nad justication just 90 10g 48 
‘we are dealing with changes ia space. If we tried to apply 
thax, for Instance, tothe mesial vale, which is ot arranged 
‘with relation to spact. the result woald be sheer nousene, 
We transer even the souror of sound to space; and yet 00 
one Would take a symphony for aa objective phmcmenon hav= 
ing aay vealty apart from the subject. It isthe same with 
colours: although one ccioured srfane can iradiate another 
‘throngh space, jst 3s 2 sound can awaken an echo, and 
Piysizal changes thereby appear in space, yet thege spatial 
roceses tell Ss nothing about the laws according to which 
‘he qualities wil interingle. 

‘The peculiarity of colts as opposed to sounds tice merely 
4m ths, tha even when they remain separate from ove abotber 
1 apace (ln two contiguoas suciaces), yet they infocace ose 
another according to the non-spatial laws of their afnity. 
Phyaics wil not bear of such 2 thing ; but biology may, for 
‘way should not two spatial impressions infiuence one ancthet 
‘within the name subject? 
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Hitherto we ave conned ourselves to considering the 
symphonic ralations that are dscoveable in space ax we soe 


It We tam aow to the eyziphony of space-magnitudes, as it 
‘eveats ital to the eye. 
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One of oar greatest observers, the sculptor Hildebrandt, 
sdvaneed the theory tet in all wares of at, In puinting at 
‘well asin sculpture, the foremost plane should be the chief 
lane, starting from which the eye mrs travel isto the de 
(ance and the deptha : far is Joking at Nature ft bebuves in 
the sume way. 

‘The physiological cause of this kind of vision i to be 
found inthe structare of the accommodating apparstat of oor 
eye, ‘The Jena of the eye is focused for near vision by the 
‘Active pull of the fens muscles. Distance sight is brought 
about by relaxation of the muscles, whereby the lens 
apparatus, in virtoe of its elasticity, returns automatically 
to the postion of sest, Both in contraction and In ceaxation 
ofthe muscle, irectian-algns appa, which are brought into 
sedation with the caxesponding plane of Ue apparatus that 
orlentaten ws apace, 

During active focusing of the ens on nearer and ever 
nearer objects, whcke groups of alrection signs teach out 
omscionmness together, and, ad it were, fa jes: whereas 
When we focus slowly fom seat to tar objet, the indlvidanl 
iretionnigns appear ove after the othe in a uniform serie 
fad as this i+ doae without efort, it leaves bebiod it an 
Iarmonions impression 

‘Thins patil vision. Lacing at solid bods bene oxly 
‘near at hand, when the two eyes notioubly converge und 
‘bagin to obverve objects trom two sides. That it cell isthe 
convergent movement ofthe eyes which dizectly produces ou 
“ plastic vision," we cam prove if we oot through 1 moder 
sereoncopictekscope. This also enables we to look at objects 
from two sides, but we do not get plastic wision  inatend of 
that, the object becomes broken up into x mumber af panes 
Jing one behind the other. Tn this case al the conditions wre 
‘present that accompany normal plastic vision, but the con 
‘ergent movement of the eyes i asking. 
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‘Seon, however, we Sera to forget this dafcieney, for other 
feataces come (0 Ou aid, which enable as to we objects as 
path magoltedes and not a suiaces, and this without our 
eyes convening, We say sum wp these fortores—penuim- 
‘we, shadows, etc —as objects. How gratis the eftect 
ot objectalgns can be shown by a wellkxows physiological 
‘experiment ; on any colt It Is ponle to make the rlet 
appear as a concavity, and viee versa, U, ankzown to the 
obwerver, we revere, by mans ofa rao, the way the ight 
tals. 

Moreover, In Joking though the steececope, we cont 
feat acquire plastic vision by supplying the lack of conver- 
‘gent saovement with objecbaigns. 

Im uch cass we bave to do only with the sympbony of 
space-uagnitedes: and here we must draw ttration to a 
further pecaiaity of the human epe wich bas far-ceaching 
concequences. In the distribution of the servous areas for 
‘he local sent, our retina shows 2 dear divin ito an upper 
sand a lower bal. The ball chat we cbiely use, since oar 
sight Us eaentally concerned with objects on the grind, 
shows greater weal in local signs thax the half we mse for 
Tookdg at the aky. That why sil flend fakes, i which 
‘the surrounding tees are desry retectet, produce such a 
fairy ke imopesson ; in he sefection, the trees appear 
‘cd in detail and therfore higher and the sky see farther 
of, Yecanse the ixages of these things are perceived by a 
treater aumber of local signe then indict visi, 

‘The peculiar ahape ofthe Armament, Bich rises sleepy 
from the heron nd then fattent out into the fora of a 
vwatch-gum, depend on the same hing 

To the bbe and covdles shy, devoid ofall the objcte 
gas that woold make us aware of the core, we se, if wt 
look wt it through oor hallowed hand, x level blue suztase, 
always running parall to the sin direction-plne of our 
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dead, T, ox the contrary, we see a bit of blur shy throwgh 
‘sal window place high wp, the bloe surface rs vertically 
ownwards paral! to the window-érume. 

“The sae of objects is jest as dependent on how wath of 
‘ho whole eld is viable, To lastrate this, we must retrace 
ur ste «ite. 

1 normal vices, whst is presented Lo tbe eye is not all 
equally defnite, for when the lenis focused for distance, 
‘he outline of objects cove at band re vague, and vice were, 
Tt we focut our eyes fest on the nearest ebjects, and thea, 
Ute by little, oo the more distant, the divectionsigas that 
Appear in the proces ive ws the sensation of ging into the 
depths, until the muscles are relaxed. As this happend, we 
perceive im succemion objects which serve aa indications 
of istanoe, ‘But ether special signs of distance come in, a8 
Lacnarde da Vinci long ago pointed cut. For instance, the 
arudualy locreasing adountre of white with all the otber 
colour verve asa criterion of distance 

‘When the moncies are quite relaxed, then, thanks fo the 
Aistanceigns, objects wery far of appear to Ue not all 
one plane but ploed bebind ove soothe. 

The ey when i looking. always ee to penetrate into 
he furthert disance wil the limit of all cbject-igna is 
reached ; and it stope there only because st must. Thia 
Uttermatt, objectes region wich surrounds the whole vinible 
odd, is ever the hociso, but always les beyosd that. On 
1 dark nght, the acy may be the iit; bat by day that very 
seldom happens, for as soon as the Srmamest appears an & 
efnite covering, we ma bebind it the region without object, 

‘This region devoid of objects comes mest ceaty to our 
‘conacionmnes whex we Joo at the sty sky on dark night 5 
then it pyres out immediately behind the star ua the fal 
ad invisible. 

‘eis not eowpty wpace, for even empty ypc i led with 
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coz Grectionsigas. The spice of the dzectionsigns i, is 
‘its very mature, 2 magnitude of motion, whereas the object- 
fnas offers os the abuclute calm that we are forever seeking 
‘hind all motion. 

The objects 1s not the form of tho directionsigns, 
bot of pore loa signa —Le. it the extended, 

‘The absolutely motinlen, extended objection x not 
nothingness, for wotbingoess has on extension it corte 
spond rather to the Badihist's Nirvana, 1t is invisibe and 
ron-aporthensble, yet of aeceanity always present, gd tas 
iomense value as “atmosphere,” since it gerven ax back: 
groand for all form and all motion, = background towards 
shih the seeing eye ever striven, 

‘The extended is always fe to be the same Astance away, 
aud so it serves as a Sed buss ftom which our eye ean 
satinats doe ragoicads of space. When we Took around vs 
at a varied landscape, the horizon and the sky which rises ap 
tom It seem on dierent sides t0 be set at very dierent 
tances trom us. Somimes the ierece inthe tance 
4a wo grat that we imagine the whole sky runt he gathered 
{ato fo. 

‘When we ask how it comes that, on one sida the horizon 
li vo meas, and, on the other so far awry, ws can prova ta 
courvelves that this dierence les in the objecagun being 
rmlaivey few ot many. 

‘very triveller must have noticed Wat 2 high now 
peak sean from afar over wide plain sms ratively smal, 
tnd be surveys all its foothills and narrow valleys as though 
hey were mere ridges and cocks in the mountain-base Tt 
te goes away from the momtain and felows sp & saUW 
valley, the esow-peak bogie to she up above him to ox 
suspected heights 

1 Naples bave ten been muck srock by noticing that 
‘Veouviu, eee in its fa extent acrow that incomparable 
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bay from the heights of Poslippo, ems very far off and not 
remarkably high. I, on the other hand, one fave into 
street that leada towards Venuvias, the mouxtan is suddenly 
aqoltecloue at hand and of gigantic sine 

‘We gut a mont disconcerting eect of his kind if rem 
Moate Pincio we turn our eyes towards St Peter's, far amy 
cro the great expanse of Resse with alt ts countless ace, 
palaces, phasas and bekdges. Theo tke great church appears 
to rv i the far distance et so very high above the Eternal 
City. Bat if we step back aboot flteen metre {roma the 
abustrade, wo that, for our eyes focumed ot thr dstatce, 
ft &s brought into sharp ret and at the same time covers 
the town, then almost iomediately bebind It the magnifoct 
‘wilting rises ap in overwhelming size. At the same time 
‘the Boron alo seems to come nearer. 

‘Now, 5 all these cases, itis not the retinal image of the 
cbjest that has become larger it bee setually becane 
smaller: and yet, is spite of tha, the object appears to us 
nearer and larger. Nos has it moved away from the horizon: 
the borizan fas approached ms along with il, What bat 
bhappenedis thatthe object has moved away trom the extended 
and objects, lomards which it now stands in anew relation, 

Since iis without objects, the extended poeeses no sort 
of feature by which we can measure its magnitode or divide 
1 vp into parts. It has the effect always of an indivisible 
‘whol, to which diferent objects stand in dierent relations, 
‘The observer, Rowever, fs always al the sume distance from 
the extended. If the objects change thei dlatanoe ftom tbe 
bverver, than, seco to the aurber of distance-cgas they 
‘prevent, their relation to the extended slvaltaseoanly change. 

The extended haw mo definite ocder of magnitude, bat is 
io tell magnitace. Everything Uoat approaches it  meza 
ta appronch i, mst consequently get smaller and salle, 

‘When we look ut it fe this way, we begin to undertand 
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the otherwise mysterious fact that the rising racon appears 
args while it forms part ofthe horima, bot after tt has rises 
‘and taken its place in the plane of the stara, which is 09 neat 
the extanded, it may sheik to a quarter the dive ft was at 
fiat. 

‘Between our ego, which hat 20 extoasion at al, and the 
abwolnta magnitude of the extended (es the pure form of the 
local-sense) which embraces the whole world-plctre, space 
Wea outsprand, a8 the absolate pousibity of motion. Al 
three factort—the go, space and tbe extended—are pare 
forma of intuition, which stand throughout im clge relation 
to one another, and form, as it were, the scaloiding for the 
whole of intuition. As such, they constitate a unified, 
indivisible whola, invisioie, is tree, but, by means of laws, 
‘Sting int ifs st forms all that our eye can see 

‘Beginning with ourselves, there are Unree phases of vision 
‘by means of which we penctrate space—(r) the phase of 
Plastic vision, which lasts 20 loog es the cunvergent move 
ments of the eyes are appreciable, (2} the phase of direct 
spatial vison, while the accommodation-muscles remain active 
and directica-sigas erable us 10 perform movements in The 
third dimension, and (3) the phase of indict spatial vision, 
in which, for estimating distance, we rely on the {ndicationt 
Offered by cbjectsiges and dstance-signs 

Naw, since objectsigas were made ase of even in the fist 
hase to form material shapes, when they appear alone, a8 
a the third phase, they create there also the plastic forms of 
objects, Thus the whole of space appears fied with plastle 
ebjecta, oven to ite fartheemost limita, where the world of 
‘objects eade and the extended Degins. 

Since itis a foran of intuition, the frame of the extended 
adapts itself (o every kind of vision ant without altering its 
‘wm sie, whether we observe tbe starry heaven with the naked 
ye, ox with a huge teleseape sexes down the moon and stern 
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towards ounelves, When we do this, we incense anly the 
limage on the retina ; ow ration to the extendad resins 
what it was, 

‘Thin way of regarding the uaivere in eusntnly diferent 
fram that of the astronomers, win memly pile up infnite 
space armand us. By a0 dzing, thay disintegrate the mity of 
‘the comic pictare and sutatitute « deed abstraction for the 
living reciproca) action of intuition 

‘The extended forms, a3 it were, the invisible canvas oa 
‘Which the panorama of the work sorounding each one of us 
fs puisted, fr i€ gives harmony and form (0 the Joa! signa 
‘which bear the colours, Visvis of the workdpanorama 
‘here is no other standpoint than that of our own subject, 
forthe object, while observer, is atthe same time the baller 
of bis world, An objective picture of the work Chat shal St 
‘all abjcts equally wel is of neoeityienpoaibie, 
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‘The biclogiat wil fied much interest in applying to animale 
‘what he tas teamed from study of Burman beings, and io. 
‘asking himeet the question, "What does the space lok like 
‘bat suroands animale? 

‘Hie cannot do as the physicist, ie. regard the space of 
human Deings a the only reality and, without more ado, 
transplant animals into that: be must make « detailed 
fnquiry concerning the factors om which the epace is com+ 
‘pened where lives the partioalar animal he ia studying at the 
‘monieat. In ardec to do this, be mast fest make « clear 
diagram of the vial space of a huraan being, and this diagram 
an then be modified according to the facuites of the animal 
‘under investigation 

“To make thia diagram, tick together three clrelar pisces 
‘of card-board at right angles to ons another, to repreveat 
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the tee planes of direction. Around the point of inta- 
section of the three planes place a namber of increasingly 
2arger and langer hollow spheres, The casa spheres nearest 
‘to the onntze are very cose to ove another. With the alse of 
‘the wpberes, the distance between them increases, until the 
lust and largest stand quite by themselves. The distance 
from one sphere to the next represents in each case a step~ 
into-ditance.” Near the eye this is shoct, while direction 
signa got by convergent movement of the eyes permit us 10 
estimate the distance exectly. The stepinto-distance be 
‘comes longer in the region whichis eensed nly by the aid of 
the directioniges of the muscles of accommodation: it 
‘ecomes very tong as soon as criteria of distence alone can, 
bbe made ase of in forming tbe agtimate, Since the step 
Into-distance stands for the interva) recognisable at a given 
‘moment between two points ia the dimension of depth, 
ft does not matter by what means che measurement is 
carted out. 

‘Each ophere as just os many places on it as there are 
local signa available. Hence there are much fewer (9 tho 
‘sume surface of the larger and more distant epberes then 
‘there are on the smaller ones lowe at band. The number 
of the angles at the centre is fixed by the Jcal sigas, and 
‘the angle determines the size of surface on the varioas epbere 
planes. 

‘While the same “place "in space means a serie of tiny 
surfaces lying one behind tbe ether on all the spheres {and 
‘resent in equal number on all of them), the “petition ” 
‘etermines where the" place lig ex any one epbece, The 
point in apace which has both place and pestion is feed with 
czrtalnty, (2) by the numberof spheres (or stepeinto-dstance) 
that Ie between it and the oentre, and (2) by the number of 
laoes for smallest surfaces) that separate it from the nearest 
planes of direction : this sumber gives at the same time the 
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amber of disctionstepe fox the human eye when it le 
moving, 

‘This is how space apprats as we make se of it in vision. 
‘Rat since we art able to trazsier cureeves in thought with 
this imtuited space to avery place we look at, we transform 
space into 2 comtinces series of ples. Space as we think 
cob its the space with which the physicit deals, while Intoted 
pact as we look at it ls the space of the biologist, The two, 
ara fundamentally diferet Kcom ane another. 

Te is oaly iatnited space that comes into consideration 
in investigating anima. We shall try to decide whether 
‘animals have three, two or one planc of disection, or whether 
‘they have none at all and perhaps substitute fer them the 
line of the horisoa. Further, we shall investigate the means 
which animals bave at their dispoal for making stepeinto- 
distance. Lastly, we must discover the mumber and the 
<igeribatica of the places in anima) space. Only when all 
‘Dome factors are how, can we alr that we have gained 
sn insight into the spatial woeld of asiemala, 

very spatial asimal werld, however Uimited ax eegarde 
places and stepe-into-distance, and even though it be without 
planes of direction, is aeverthelass surrounded by the pure 
extended, which, as necessary form, precedes all paco- 
renting. Tha extended tien immediately behind the last 
stepinto-diatance. So the space pecallar to esch animal, 
wherever that animal may be, can be compared 10 4 s08p- 
Dabble which completely surrounds the creature at © greater 
or less distance. The soap-bobble of the extended constitates 
for the animal the Limic of what (or tis Anite, and therewteh 
the Limit of its wortd; what ies bebind that is Ridden in 
Indaity. 

Tn entering an the attempt fo establish these ratters 
concerning the space of animals, we make zo declaration a8 
to the manner in which the animal conscioudly intets space 
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‘—such speculations are left to the paychologlt: we cestict 


ouneives to the forms of space-intuition to which we, at 
cobuervers, are confine. 
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‘Nocmaily the three phases of spatial visioa shade into ane 
‘another by imperceptible degrest. Ax regards the fit tw 
‘Phases, this is at ance understandable, for while the ayea ere 
pesforming thei convergent movements, the acrommodation- 
apparatus is also in action, 90 that things seen ax slid bodies 
may be beought isto the right distance. 

‘But both Kinds of activity have their Units, and if the 
axes of the eyes are parallel and the aecommodation-museles 
are relaxed, objectsigns and istancesiens must come in, 
im order to make spatial vision for long distance possible. 
‘These signs owe their existence to no special arrangement af 
‘the optical apparatus, but have to be acquiced by os through 
ofterepeated experience ; sometimes they must even be learnt 
anew, T remeber very well how, the Bret time I went out 
after a severe attack of typhoid fever, the street, at about 
fifteen or twenty paces in front cf me, swayed to and fro 
Tike a great, fat, gaDy-painted plaze. Houses, trees and 
‘people, although of different sits, and the sky with ther, 
ay all in the came plane, and seemed to hang fee in spuce. 

‘Only by degrees did they separate from one another, 
‘and the extended, which connected them together, moved 
‘back to the outermost limits of space. The explanation of 
this was that my glance, pasting fram the nearer objects to 
‘the moce senate, was hampered within the space of woocme 
‘modation through perpetual refocuscing by the muscles of 
‘ccoommodation, and when it had to deal with move distant 
‘objects, scented, thanks to their distance-signt, to come up 
saguinst frog resistance. 
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Ti doing this, ay normal vision was rextored—the sort 
of vision that corresponds to a movement of touch by the 
Thand as It cocaes against objects, sow dase by, sow farther 
away; a6 i does to, the directions orientate tn as to 
‘the poaitloa of the obstacles ia space. With our ghaioe, x 
with our hand, we come up agalnat more and more remote 
betruction until we get to the boriton, behiod wich en th 
‘extended, offing a0 resistance 

1a oar visual spice cvery coloured veriace, of whatever 
lind it may be, constitutes u check. ying either clove at band 
or far away. All arouse the mune sentation, aazely that of 
‘an obstacle, ke the resistances which present themaalves to 
‘the groring band. Tn vitoe of this, the get the character of 
material things, which taken geaerally, mean nothing. but 
actual obstroctions 

‘And 30 it comes aboot that we describe as substances all 
things that prove their realty as obstacles Without pre- 
juice to this someon property of all forms of mater, the 
various substances can evoke the most marifeld qualities of 
the senses of sight and touch. And siase we project al! the 
other sense qualities as well, and comprebend al! ther effects 
1 coming to tm from the outside, we connect these liebe 
‘with the forms of mattcr in space, as the only realities known 
‘to-un outside thove residing in our own subject. 

‘The content of the opace surrounding es consists of mation 
and resatance. Te loaning of the various resintances in 
necetary foc the movestmnt of oar ows body ix wpuce. It 
in much mare inapartant than an xwarenten of object, For 
ach rapid movernent we most have accurate istrmation as 
to the place where a resistance Sex, i we axe sot to injure 
cumelven; and we will wcid an apparent obstacle rather 
‘than come up again a eal one. 

‘We are not yet ready to discuss sccerete comception of 
forte, for that pertsins to the construction of objects. All 
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‘we have to do ix to get quite clear ne to which places in space 
‘a Billed with reitano and which are pot. 

‘The reatances in space aze all restences of bain, 
‘they are Ghree-dimetsionsl, They all without exception, 
‘ave n body, qalte independently of the qualities they pomean. 
‘Therefore they may all be described as collections of suateial 
polata or atoms, How the atoms are referable to Ioalsigas 
has already boea discaned. 

Matter is always ia motive, and since sebstances cannot 
ail be at the suse time ia the wae place—ie, cannot possess 
‘the sive local signs—they get in ose another’ way, and, in 
their movements, matually ifloeace one antber. 

‘We are able to resive movements into serie of drection~ 
signa ; and so if we regard oly their sptis!eharacer and 
reget their otber qualities, it is posite to refer all sub- 
stances to local signs and divectionsigas. The great advan- 
‘tage ofthis that al! reciprocal actions of substances in space 
ean be measured and reckoned, and can be brought under 
eatheratical formabe, 

Physics bas striven towards this goal, with admirable 
results, Tt has socoseded in subjecting to its mathematical 
‘ocmala the recipcoeal action of al the qualities of matter, i= 
‘0 far as these are of « spatial mature, 

Physics saceeeded St with somds, because matter 
‘was pement in the form of ai, the movements of which 
curried the waves of sound from plae to place, wa made it 
pombe (0 convert the theory of sound into thecry of as+ 
vibratoas. Tndecd, Helabote west so far aa to explain 
isvomanoes 63 perturbations of Whe sie-wares, Tn 90 doing, 
tne tranagrasad the sits eet Msn by the epatia factor. The 
ceficcts of sound-qualites on the subject have their own par 
ticular Jews, which have absolutely nothing to do with the 
Jawa of apace: and it 1 these, and these only, tat cam be 
‘formulated mathezaticaly. 
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Ie was moce difcalt to being eatours under mathematical 
formule: that becarse postble only when physicists amsesn- 
Ded under the concept of “ight” the eputialinduencing of 
coloured wufacts on one another, and in addition discovered 
the ether, anew median, cantrocted ot the analogy oni, 
od tranamltting Ught-waves. 

‘Newion bad got out of the dificulty in a more praitive 
rmannec, by assuming that lite coloured soheralen were pro- 
jected through space. The ether, however, proved itself « 
‘mich Detter ai to the analysis ofthe action of light, 

‘As we have already shown, the subjective efccts of ealour 
fan never be referred to spatial laws, because they have laws 
of their wa: and only a thoroagingoing separation of the 
spatial laws of ght from the eubjective laws of colour-can 
bviate the confusion still prevailing fo optics 

‘With the help of the ether it also becare possible to bring 
under observation the spatial laws of heat. As concer the 
subjective laws of eat, we ove our information to Jobaanaoa. 
‘Heat omsats of three qualities—warm, coli and hot. if part 
‘of our skin is touched skmultaseouly by (iro objects, one of 
‘whlch calls forth the sensation “warm " and the other that of 
~ eat” the scasation “hot "results, 

‘From this we may conalnde that we bave anly (ro neryt- 
ding apparatuses in oer skin —ane for warm and 008 fr 
cold,—and that the combined simuttancous stimulation of 
‘oth prodaces ““bot.* Of this subjective taw, the physicist 
Inows wothing, and moreover it in vot meoemary that 
‘ould; be ia concerned with inventigating the radiation of 
tuat,—ie, with etheric wibratcns oe the conduction of het, 

‘As vepards the phenomooa of axel, the theory @ 
‘eergent, chemically active epheralos ie til he, becaan 
the siecorents detersine their path, Their mijecie 
cocts, Le. odours, concn, as with the qualities of taste, i 
the drowning of one quality by ancther 
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“The bypothesia ofthe ether bas had very important coms: 
‘quences, for it has enabled ws to bring together under Laer 
actions in space thet would otherwise have remained ia: 
‘explicable—as, for instance, in the theory of electricity and 
‘magnetism. But we must not forget that dhe sssamption 
(of & medium that binds together everything in spane i in uo 
‘way a necessary postalts for the biological theacy of space. 
‘Local signs may quite well be connected by direction ight 
‘aloae, without Its being nacesary to Sil in the gape with 
Joel signs transformed into atoms, which ie the purpeee 
served by the etheric mediam. 

We is itoportant to establish this, for, in the theory of 
pavitation, the hypothesis of the connecting roediam Naa 
completely broken down, axd we iave got no further than 
the action of masses at a distance, according to Newton. 

Undoabtedly, physics has succeeded in refering to local 
sigan and direction-rigns almost ali the spatial actions of 
‘matter, since it banished froo its calculations (though only 
With very great difeslty) a quality which in the beginning 
was regarded as the cause of all material activtio, namely, 

‘Force is primarily nothing but a ueuation that is oanected 
‘with the movements of our mascies. As an inavituble com> 
lusion, the muscular sensation was exalted into the cause 
of the movement of our limbs, and then transformed into the 
‘cause af al movements whatsoever. 

‘When we lift an object, we measure our foror by the 
-moscular sensation, but we alo ascribe to the abject an equal 
‘end opposite force, which we overcome. 

For a lang tsa, paynics work with the concept of force 
‘as the cause of mation and at the cause of the inhibition of 
motion. Weight, elasticity and hardnese were defined 25 
forces, Moreover, there were foroes of chernical tension, 
magnetic and eletreal forces. A non-spatial quility was 
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thereby brought fato spatial activites, and this enormoasly 
Increamn the eiiclty of defining concept ceatly. 

Only thrmsgh the explazation that motion wan the cole 
cause of motion was the concept of Free gradually elimitated 
frown physica. The word tcl fel ont af we, and init place 
was sbetituted the word ourgy, which merely indicates the 
lind of motion. The movements of sabetances cari ont is 
spice were described as kinetic exergy ; by potential energy, 
‘we understand motion stored wp within substances 

‘The law of the conservation of enegy completed the 
‘tmocetia! basis of payic, for it cleared the doanin apper= 
‘wining to that science of al that was extraneous, and taught 
‘as to regard all material activities in space as isolated and 
‘hus acceibe to mathematical fonsuarisation. 

Slace the physico-chemical ws are, jointly anc every, 
syatial io kis, iis onky for practi! reasons that { have 
Iitherto opposed them to the sabjective laws of the domains 
ef seasa T exrtainly do not wish 10 ascribe to them any 
Iigher reality, ne that they do sot posse, By referring 
material proceses to foc! sigus and direcion signs, the sub- 
jective ature even of these phenemens is demonstrated 
beyond question, and the place of the so-called objective 
natura sciences within bslogy Becomes evident. 

Henceforth wa axe in & position to repudiate easily the 
‘omtintion of the materialist cr monsts, whic aime that 
fx the world there ace only two reaiter—foree and matter. 
oe if they are asked why local signa and direction gas 
should be more real thas colours and scuds, they wil ox- 
taialy aot be able to give any anower. Bislogy is qoite able 
to save the world from saking to the Low level to which 
‘ind overestimation of physics trying to rebaoe it 
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‘Aa we advance, our investigations increasingly compel op 
to week & clear definition of the coocepts “ objective and 
S pbjective” 

‘We bare shown that, in Kant's sens, there is mo sich 
‘thing as abaolute apace ox which oes sabject is without {a+ 
uence, Por both the specise matecial of space, naruely 
local signs and dicectoa-signs, and the form this material 
assumes, are subjective rations Without the patil 
qualities and the bringing of thems together into thes common, 
form that apperception makes poasble, there would be no 
space af all, but merely 9 number of samc-qualtes, euch as 
colours, sounds, smells, and so forth; thee would, of cour, 
have their specie forras and laws, bat there would be 20 
‘comanon arena i= which they evald al play their pat. 

‘We may satisly ourselves as to this, and yet the distinc. 
doa between objective and subjective hat a seal meaning, 
even iF it be admitted from toe frst that there is 20 sich 
‘thing a3 absolute objectivity. 

Even if we were cognisant of oar subjective dirctiso- 
sigas which sccompany the movements of our muicles, We 
should koow sothing of an objective world, bat would be 
‘nurrounded merely by « subjective space. 

Music furnishes us with a means of making a represcntae 
tion of sobjective space. When we ate so much under the 
Indwence of mesic that, forgetting the origin of the scunds 
and whether they come from this instrument or that, we 
‘Sve ourselves up to the rhythm, the subjective direction 
sounds are azonsed in us without there being any accompany 
{ng moverent of cat body ; and dese, together with the 
sounds, sem to fill the epace belonging to ther, 

Tt was Helraholts who ance pointed ont that music creates, 
veosations of movement ; and io all languages the popular 
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Atmexiption of somnde as “high” and “low bears this 
ot 

To order to make very vivid what is meant by existence in 
subjective space, let ut think of ourselves 28 condemned {0 
move by swisaning aboot is water, withoat eyes or arguns of 
touch, fa suk a case, we should Jeara nothing from our 
rimming movements beyond the changing claims of ot 
subjective direction signs; we should iar abscvtely nothing 
bout forward movement in space. 

‘Now if we imagine ourselves as having an eye that can 
srleae coloer-sensations bat sot Inca signs, stil that would 
fatter nothing with gard to subjective space; the sensations 
of red, green, blue and yellow would indeed arise, bat the 
lou would remain properties of cur subject, and the inner 
swocld of the subject means Hkewise the world 25.2 whole. 
‘We ourselves would be emitting simaitancoosly sound and 
ceslour and fling the whole of space with our pera. It 
‘would be impasible to draw a distinction between. thoughts 
aod feelings, an the one hand, and sense-perceptions oa the 
other, because the latter could not become propesti«n of 
objects. We should then be scipists, in the real sense of 
the word. 

‘Ax soo as local sins appear, the worid is transformed 
in a ash; space acquires places to which colours can attach 
‘hemuelves, and from the seasaioas of colour develop coloured 
sanfaces. Ne longer Go colours appear aod then disappear, x4 
(ur eye rons to nd fro. The re circle over there remains 
red, even if we are no longer locking directly at it, And by 
19 daiog, thas acquked a3 objective existence independent of 
the optical activity of the subject; on the other hand, it 
remains dependent on its position in x space thet bas now 
‘become objective. 

The same thing Lappens with the other seme qualities, 
‘The red cele tbat we touch remains hard, even wica we mo 
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Songer pot out our hand tomers t. Te Loves sether resonance 
‘ot flavour ner scent when ‘we fur our attention towards 
other things. Evea our own body recaives« dete potion 
in space, which it can alter by moving the Arabs in a cer 
tain way. 

‘While oar body becomes objective im this way, like all 
cotter objects of the extemal world, our ego remains of 
actaity subjective; for the ego, a the unity of appercep- 
‘Hon which buds up all whe qualities nto higher nganiation, 
cannot have so moc a 2 sngle local ign oft oom. 

On the other hand, itis conceivable that cer thoughts 
dnd feaings, which we group togethers « whale under the 
same of sol, might beat lea ign, for they also are sted 
up by outside impressions, like the melodies and harmonica 
‘hat we construct from hearing sounds, IF this ware the 
ce, thes with i the contrast betwen body and soul woeld 
<ippear, a contrast which indeed doesnot exist in the sub- 
jective world. It it mistake to maintain that the soul 
suit be entirely noo-spatisl, for many of our Selings—euch, 
for instance, as longing—readily connect themselves with 
subjective diectionsigns, and so exter subjective space 
‘Tf thoughts and feelings bad local signs as well, we should 
be able to develop an objective siene af the soul, adition 
to the subjective. 

‘From all of which it is possible to derive, ax sharply and 
‘clearly a1 we could desice, the detinition we have been seeking 
foc “ objective” and subjective.” Every quality is objec 
tive only 10 Joog as it remaisy in oonnecton with a Joa! 
ign ; it becomes subjective as soon as this connection is 
‘broken. The local sigs, when considered by itt, purely 
tabjective; ws noon a8 it enlecs into association with any 
(gulity whatever it becomes cbjectve place 





CHAPTER 11 
Time 
‘ran, wowns-nox 


Jose un ctaily as that there it wo much thing o9 abnolute 
‘pter, 90 alo & it certain that there ino such thing as 
buckte tne; for both spuce and toe re eey forms of 
ur boman intltioa, 

Bot we bave been able to show that i i nevertbees 
one to qaintain a distinction between objective and a0b- 
jective sce, by introdecing the poses of local sims 
15 the disinguishing feature, 

‘We must now 42k ourselves whether it is posible to 
stab the same diference for time The advance we have 
made beyond Kast's doctlne conus encatialy in the dae 
covery of spec spatial qealtcsQoal signs and dicectica- 
{igen in he recognition that space is he fers of tt own 
rater just as the musical wale represents the fora of the 
specie material of sounds. 

Fox the dacovery of a specide material for tame we are 
indebled to B. E, voo Baer, who based his brilient exposition 
‘xmccring the mbjective character of time en the waruent 1 
the specie tipe-quaity. Felix Gross hax revealed the dose 
sennection between time and apperception, and we are aw 
ina patton to frm for oarevesw Gear plcture ofthe nature 
of tine, 

‘Apperceptica i 2 lide procem, carried out in phases, each 
of which manele Stet through 1 senseaiqn; this sgn is 


the moment. 


™ on 

‘We must therefore employ the word momentsign. 
According to Kant, the usity of the appereeption creates the 
‘unity of oar eyo, which, aluboagh destitute of local signs, it 
always foralubed with a momentsign As a consequence all, 
aychic processes, feelings and thooghts are Invariably bound 
to a debnite moment and proceed contersporancouly with 
the objective sensations, Time envelops both subjective 
snd objective worlds ix the same way, and, unllee «pace, 
rakes no distinction batween them. 

In order to understand in what respect we can nevertheless 
Aistinguiah between subjonive and objective in tex, we must 
‘ry to peneteate deeper into the matare of the moment aign. 

‘We have taken the local sign to be the smallest spatial 
magnitude into which the various qualities wece poured in 
‘order to give us the atom: in like manner, we may compare 
‘the moment-signs with the smallest receptacles that, by being 
‘Ded with 2 content of various qualities, become converted 
{nto sooments as they are lived. Like the local sign, the 
‘moment-sign remains constant in its magnitude and inteasty, 
changing only fait cooteat. 

We might be led to suppess that the content of the 
smoment-igas would distinguish between their objective oc 
imbjective character, This is never the came. I may ghve 
myve up to my thoughts, or plunge into contemplar 
tion of a landscape; T may even engage in obvervation of 
the roovements of men and snimalr—the time that elapacs 
while T am thos occupied is atways subjective, “Thiv indeed 
{snot surprising, for the same process of apperception is gone 
through on each occasion, and with it appear its moment- 
gas. 

For whether we are looking st objects or formulating 
thoughts, the same businese of constrection is initiated for 
‘the forming of higher unites from simpler elements. 

The daration of time that bat panted~ie. the length of 
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the mies of moment-signs—oe eatiate with mare or lst 
ceactncin; bot as soon us we tara our attention to «sound 
sepeating itl i the outside weed, the Gagree of exacineat 
{crease enormouly. By cootrasting ther, we cen then 
Aetinate with ualaiog oatainty the number of unaccented 
smowert-aigns (Cue walled intervals) that Bie between these 
that are accented. 

‘This bien ws (o wet about making an exact measure 
voeat of te from a change of sound fe the outside word; 
tu when we bave foes it to be coostant, here ia nothing to 
prevents fam exploying this change of wounds a « time: 
‘aasurement in its tur. ves at the prevent day, watch- 
raps correct by means of accented eomen-signs the swing 
of pendalumelocs, whic we thes use to meassze time 

‘We can also replace the exteral change of sound by 
invervatiog our own musies at equal interval, dividing the 
rmomentsigns fato accented and unaccented by our ove 
regularly interrepted movement. We call this “beating 
time. 

entiog time in a subjective kind of time meanning 
‘which makes very grat demands onthe atention; therfore 
su rule we rly on change of sound that i independent of 
‘ur own eft, such as the stroke of the second penal, 
vehich we devcibe as an objective measure of time, Objer- 
tive timemeassrement Bas thrust wobjective isto the tack 
‘roan in toch a way that we have come to regard even 
time ise an an objective phenocenon, and natarally this has 
‘ven le to very selous mistakes. 

‘Always ax ia every cocnsctcn, tae remains subjective, 
nce it 4 bound xp with the press of appercapion it ls 
ily the measurement of te thet can be tered objective, 
in the case where tbe sceatoation ofthe tme-sias rota 
from a change in soead independent of oat own sctivity 

“The behaviour of condor and Bi arcestra will verve 
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a an intresting lnsration of th. The conductor depends 
for guidance entimly ox his own subjective time-measare- 
iment, which be retards or accelerates by altering the intervals 
and moving his Diton sow quick, now slower. Tha bateo 
serves 23 a5 objective tine-meana forthe instrameatalst, 
‘rk according to it they have to direct the bowing of the 
violins and the Blowing ofthe Bares, 

‘The abiity to separate accurately the accented moment- 
signs from tha unacceated, and to vary this change ite, 
very dllerenly developed in diferent people; and this is 
‘the reason why all men are not Gtted to become conductors 
of occhestras 





Every one powesses the power of beating time, even if 
only Jn a primitive form, and this power i the basis of come 
pitation, We are able to combi the individual time-beuts 
{ato groupe, aad to tree thea from one another in other groups. 
In this reapect also there axe great dierences in natural 
talent, There are people, wrongly called “lightning ale 
cculators," who have a marked gift for constructing very 
extensive and complicated groups. This power has nothing 
to-do with ral arithmetic, for real clealation depends on 
conscious working with numbers and not oo a grouping 
of beats 

Namber is not an inborn natural creation, but an artical 
prodact of the human mind, and it consists of an objective 
sign with which we describe the individual beats, just at a 
Inter of the alphabet serves ax the visible sgn for a certain 
smd. 

Tn the beginning, number may have arisen by = man's 
scratching Unee aloogside ace another ia the sand with his, 
Land as it beat time. For even today, every echoolchild 
‘epion in this way when he sites strobes on the slate at his 
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fit withmetic lmuon. By doing s, we soczed in making 4 
coanecingsk berween the magnitudes of tine and those of 
space, and we calli connecting Sink “number.” Por just 
5 he beat consists fm the alterzation of scoented with un- 
scented morent signa 0 the row of stokes consists Hkewise 
of acented and unscented local signs. The series of Raman 
‘manera approaches the criginal type rest nearly, exocpt that 
in it evry Sith stroke has epecial shape, oo a to falitate 
ly group formation a rapid comprehensive mrvey. The sri 
of Arabic aumeral has  pecalign fc exc stoke from 110 
9. and thereby offers important advantages for groap-forma- 
‘oo, For each Arabic numeral signifies not merely x certain 
stroke in the seven, bot aso the whole group beginning with 
‘the fst and ending withthe stroke in question, 

Tt in interesting to Sd that, at Brit, grovptorming by 
vriting Hingred behind group-fering by speci words for 
‘the momtars; for spokes Latin, unlike written, ponsied ten 
Alert designations or the nambers Irom 5 te 10. 

Tae tathod oftea employed for giving children an iden of 
anmber by begining with objects is realy too circuits, If 
fone ria to teach a child that 5 apple and x pear together 
ae 4 fruits, tbat may only lead to confosion; for what the 
ikl realy ought 10 leara—aaly, to combine in groupe its 
own cegulatly recurent activity—is made mace difelt for 
it by having its attention tard trom the subjective bea to 
objective things. 

“The following wil help ux fo a more profound under- 
‘tancng of the procemes described 

1 yes consider the momerical ses ccprmeated by any 
aag ro of stra asthe symbol fora scien of beats wich 
am be exicnded at will, it beoomes evident that the making 
of mambers even inthis eemestary frm regres wey great 
shetaction. 

Tet ua inquire how this sbvtractian is eSectnd. Os the 
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cone band we bave a wound rcuring at interval; cn the other, 
an optical phenomenon, the stroke, likewise recurring at 
fovervala. What common basis adits of these two things 
‘being interchangeable? 

This evident that what they have in common oan only be 
the sume change Sn the process of apperception, a change 
‘which appears both whes we bear and when we look a written 
strokes. Since the process of appercepion always relecses a 
series of moment signs in both cass a change inthe filing up 
of the momentaigns mast appear. No attention is given ta 
the fact that the content of the morent-sgns is wey diferent 
in the two cases; all that is felt as the same subjective act 
fs the regclar alternation of fitiog up and emptying the 
ocnent signs 

‘The same subjective act elo appens when we innervate 
‘our muscles in beating time. To the course of appereption, 
it always happens that certain momentsigns are noted 
especially. We call this power of noting cxrtain moment- 
signe more than others, “attention.” And since we describe 
as rhythm any regularly recurring change whatsoever, we 
sayin the Int instance refer the power to form mambers 9 8 
‘ythi af the attention, Now, according to the length of 
‘the Interval, there are very diferent Kinds of rhythsa, which 
Wwe distinguish from one another and are able to combine into 
nities, The so-alled lightning elealators have this tacolty 
in an espectally high degree 

To our atteation it is a matter of sndiference towards 
‘what sort of content it is directed—whether on objects, or 
‘sereations, oF flings. AS soon as there appears a regular 
‘hange in the atention, it can be subjected to the rule of 
the simplest rhythes, Le it cam be counted. This peculiarity 
ives to number it almost einited applicability. 
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‘CALCULATING AND ESTIMATING 


Since St is pombe to count op everything of which we 
‘ean t0 mach as form x thougist, the resulting coxfasion has 
Jed to the development of the art of arithmetic, the fst 
‘ringple of which requir tnt we shall reckon together only 
‘hove things that have the same denominator. Thus it is 
Inadmiasble toad and }; § must Sat be tansfrmed into 
‘and then we may calculate that {and £= 

Tithe sume way, we must aot count up 3 apples and 1 peat 
straight away. The apples and. poars must fost of all be 
breught under the same conception et" frlt “then we ay 
calealate that 3 Irits and fruit =¢ frit 

Sot appears that calalation is ot merely x summing.up 
the shythme of the attention ; it leo has regard to the 
sentezt of the things to which the attention, stimulated by 
rhythm, is turoed. Only by amming Hike contest can we 
Snetitate a calculation having any zeal sexe. 

‘We take asthe comenoa denominator of regular movements 
the dcection sign: as the smallest magnitude of movemeat 
Gat remains aways constant. Tt is quite inificrent what 
tame me give tothe dzection sign 

“The diialty 4 greater when we try to mbject to cae 
culation cegulsly increasing intensity of 2 easation, VY, for 
insaace, we hold a pail under a tap, we fel the stendy increase 
in the weight; we can estimate ft approximately, bot we art 
quite unable to ealectatei¢. Even if we Jet the water run i. 
fnjermtently, that does sot help vs, for, each time, the 
estimation of the increase in weight is 30 uncertes that we 
are aot une it asthe comsan denozinator fo calculation. 

Weber has helped a out of thi predicauent in an in- 
enim wry, by employing asthe common denersiaatar the 
feeling of Jost perceptible increase in weight and introdos- 
fag for it the concept of "threadeld™ By so doing, he hay 
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‘been able to compare subjective sensation of wright with 
the objective process, and to set up afundamestal law, Tt ox 
De shown, thet is to say, that the same amount of water 
poured in by uo means always coresponds tothe samt thres- 
bol, but that the ammount of water sequined to overcome the 
threshold increases proportionally 10 what has been poured 
‘nto the pail. I, for instance, there was one coble decimetre 
‘a the pail, the addivion of only one cubic centimetre mas 
rncetary to overcome the swe; if thete were already two 
cevbic decimetres of water in the pall, two exbic centimetres 
woald be required for doing the same thing 

‘The lew according to which the threshold increases pro- 
portionally to the magnitude of the staid, finds its applica 
‘ton inal the domains of sense, o Tong a8 the qualities anderg 
any increase in their intensity. 


FILLING UP IME MOMENT-S1ONS 


1a looking at a picture, it is important to choos oar 
ponition 40 that it corresponds to the pasion from which 
‘the artist looked at bis painting. Only then shall we employ 
fon the picture the same number of local sigas as he himselt 
‘used. Tk we go to the right distance from the picture, the 
‘objects repeesented in it seem to us correct; that is to say, 
they appear within the tame optical angle as that in which 
‘the painter looked at them. Tt is this angle, bowever, that 
decldes the quantity of local signs stimulated. 

TE we go too near the plctare, wa see details that we are 
meant to oveclook, because we ae using more local signs on the 
representation than the painter asa on the thing he was repre 
senting. Ax consequenct, the picture gels tecken up into 
‘rmb-strokes, It is vain to expect that the object depicted 
‘wil daplay tore intimate details than the actual object 
ttt does, 
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1 the obmerver ges too faraway, he los tal, Sor be 
row uae fower lca signs than the painter put there, and the 
Ful efect of tha picts ot celine, 

ow is it that we can go 0 much doter to the pictures 
ifthe older Dutch echo! frm Van Eyck to Halbea) than 
the view point of the painter permis, without what is repe- 
sunted being robbed ofits versimiitede ? And how ora it 
that te things repesented, if we lok at them from the right 
standpoint, sera much mare real ox the picture than the 
things themselves de, sowing us detain mach Detter than we 
‘onl detect them at 3 coeopnding distance ? 

My answer to such questions is that thee peat painters 
had at this disposal a much larger morber of focal signs 
than we, This enabied them to break up the world into a 
amch eater number of" places.” and these furnished them 
‘with many moce objectsigas. The worl of theve artists was 
larger and sicher han oars 

‘On the other hand, ifs undeniable that, wth the work of 
‘ume of the more matiem painters, the man Joking at the 
Petare can see nothing but Erachatrakes, [rom which, ven 
‘wih the best wil in the word, be is unable co form ofjects 
Poting aside cases of sheer arbirarines, this can only mean 
‘ha the punter bas fewer local signs thax te observe, 

Jat us amuse that the observer Its 10 vial come to 
4 square mnitmetre of retina, and that ech of Ube cones 
stimlaes one local sige thea the palstr of the teh world 
would have 100 exces to the same unit of surtace, and the 
patnter ofthe poor work cay 2. 

The alo of allthis azgumant is rely co ae it easier 
foc wi to use the same idans with gard to tine; und we 
lull now proceed to do 90. We have sten that the sat 
picture of the word, when broken up ito more sumerous 
places, sunt of neceity be richer asd lrgr in like manner, 
fife mun be appraised, oot according to the sumter of 


years dat it covers, bat by te mumber of moments Lived 
‘rough. The feof to basa beings who were boron the 
same ey and who Ged o the same day, may be vey diffrent 
as regards dartion and ia vshnes ia experienc, even if thie 
fates be identical Let we take an instance. While the 
second-peadalum swings to and fro once, A lives taroigh 
30 moments, B, on the other band, throwgh 20; the he of 
Bil acconingly Tastee a8 lng and wil be rice ns fll 
an the ile of A. 

Tf we aamme that (he stimulation of the mamertsen 
{& emnnected with the combustion of « catain quaotity of 
‘oxygen inthe bra, hex A barns up his oxygen mere slowly 
than B. 

‘As the local ign represents for each Duman being the 
absolute measaze for space, 50 the sometsign ves hin 
the absolute measure for time. It 8 only whea we compare 
two individuals with one atother that the tw measures 
‘become relative: but we must not comdude from ths that 
there i ach a thing a8 val pace with is absolute measure 
rent, and a real tne with absolute aoeasurement, The 
attempt to introdace abclute space and abeclte tise comes 
from the observer who is iavetiatig the ceatvty of to 
seubjects necemally taking at the basis of compares his own 
‘Sone and his own space 

The ition of absclte tine i beghtened by objective 
smenpurerent of tne, which testo read of from the sare 
ck everything that bappeas in the wort from the Polestar 
to the Scuthern Cross. As I8 wel inown, the most modern 
‘hypical theories have shaken tla doctrine ois foundaton. 

KB vor Beer has given ab a very sting description 
of the change that woold come over our pictae of the wotld 
it he aumber of oar moments, which at present entende over 
‘0 ela yeas, Held the content of oly eight yeas, © of one 
yesr.erof exe day, or of ace hou; and of what would Bete 
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of our knowledge of the woclt we live io, ifthe sare number 
cof momentalyns had to cope with the content of fram 800 to 
‘8000 solar years, 

‘Thee speculations of won Baer's teach xs that, assuming 
sensory activity to remain anchanged, cur world of movement 
‘would come to a standstil If its duration were abbeeviated or 
lengthened beyond a certain point. 

‘Let us take as ax example the spoke of whee! the turning 
of which we can clearly recognise, and let us first slow down 
Gur motion, and thes speed it up. The movement is of the 
same kind throaghout, bat ia the first cave we accompany it 
‘with many moment-sigrs xad in the second with few ; never- 
theless, in both the movement ceases. I the spoke gook 
round a8 wowly as the minutehand of a watch, it weems 10 
stand ail all the time, because the change in its poxition is 50 
tight that we do not perceive it. TE we Jt the apoke whist 
round very quiclly, we see nothing in the wheel but « uniform 
eat ares, which, as the revolutions continue, persists a9 a 
ort of thin vel. 

‘The same thing would result if we were to crowd the 
‘world phecomena into very short deration, or if we were to 
stretch them out very greatly, vo that in the fst cave they 
were framed, as it were, by too many moment-signs, and in the 
‘other by too few, If there are too many frames, the pte 
that suceoed one another are too much alike ; if there are too 
fer, the content of many pictures Ib squeeted into ae, In 
‘the fest case, = hall thrown into the air would stand still: 
in the second, the sun woabd describe a gleaming curve across 
the ay. 

‘The rule runs 4s follows a moment ceases to be per 
ceived ifs gradient la either t00 steep oF t00 level, 
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In order to expose the canom of these ams, we mast 
bbavereoonrae tothe Kea of threshold, as originated by Weber, 
‘Threhold mara the just perceptible difreace betwees to 
fntemities of « qualcy. Tt can be med in the mame 
way, however, (o mean the dilferesce pereptitle be 
tween (wo qualities. I we compare together two adjacent 
Joe signs, it appens that te diferece betwoea tha is 90 
‘ght a4 to be inappreciable, fe it lies below the threshold, 
Af that were not so, and if each lea sign lay alongside the 
rest without there being any intermediate steps, the whole 
‘world would consist of cloared points. It is only because 
the diference between two adjacent focal sig is impr 
‘epilble that the wodd-pctee i contincous, fr continuty 
means nothing bot 21 impercepibie transition, 9 contrast 
to one thats abrupt. 

“The sume holds good for diecionsigns, whether thry be 
objective of subjective, Te merdly Deeause the diflrence 
between two adjacent dicection signs les below the threshold 
‘hat « movement appears to be continuo 

‘The continuity of tae depends also on tis stat of things 
1H the momentsigas were perceptibly veperated from one 
cathe, our We would proceed by tiny, wepaat fer, 

For & continuous moverent to be appreciable at all, 
several conditions must be ful6led, Not oly mast the 
smovernant indude mace than two dcection signs iti sto be 
etoeptble, ut the Aicection-signs must stand ia the right 
‘elation to the marent-signs. Ifa the direction signs are 
compenbendad within two Toment-ign, to the whcle path 
averse in interpeted a8 & synchronous unity, and the raowe- 
aut is soppresed. 

But even if there be asficienty large mumber of moment- 
signa us wel x of diction cigs, the moveroent my yet Fass 
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opercived; a, for Intance, when ene dicionsig falls 
cn everd moments, The movement tea rene blow 
the thrabol,bectine the content of ane Manet gn ot 
appreciably ditgeshabe kvm tat of I pedecaor; for 
{he ober, ths mame tal sothing cage. 

‘It is only when, in x series of moments, several direction 
sigs coca wih ne meren,n  conen is bro 
‘ted and movement is pried. 

‘he rule hat a movement i perceptible only when ity 
(outa ls weiter too seep nor fo iva a eer in 
Uaighie trgh the itredction of threld; moreover, 
this concept abs it mere ety dened, Mevecmmt mat 
te dow enmgh forall the dinetizoaign to exer iia 
three tet igs, and yet it mat be fat enough for at 
feast two drones fo anc within exch memenksig. 
1 these contigs a nid, then no mevemst 
Inte; everyting tatoos. 


In onder to make sascaptibie of calculation the relations 
Derween these fundamental qualities of space and time, it i 
eceuary to consider thems as world factors, So Jong as we 
‘consider Toa! signs, moment-signs and directicn.signs as mere 
‘qualities of oor mind, they remain thee non-comparable 
imageitudes. But each of these ekmentary magnitodes has 
Its tase to perform im the world, and then it cones into eorrela= 
don with the other mageitudes, which can be expressed in 
arobers, 

‘For all three qualities, the task prescribed it the same. 
Each serves as the smallest receptacle or the smallest frame 
for other qualities which, only by being 20 eadlosed, become 
art of the coamic sytem. Local, moment- and direction 
sigas renocace all claim to being " content,” and endow the 
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world with enloar, scent und sound. Iti etirely doe to them. 
that om acdery construction of the work ia posible; and for 
tat reason they may be caied the elenentary arpusiaes of 
the world. Nove of then ever alter in meguhude and 
Intensity ; and so they fori ws with, an it were, a stable 
curancy, Which males the world secure, Thi unchanging, 
stable cureary is the Weal denominator, employed in every 
‘calculation concerned with measuring the werd, whether 39 
regarda space or time. 

Tt will maka things clearer for us, when we consider the 
‘tee qualitte as elements ofthe mind. we employ x diferent 
Cuminology ftom what we use when they are considered us 
workifuctors, We have already contrasted the place, a6 
‘the mallet indivisible worldactor, with the Jocal sign 
‘as the mental element ; in dhe same way we contrast the 
‘moment with the momentaign. It is only when we come 
to the directionsign that we find ourvelves in w dificaty, 
because tha word " direction " dora not coctain the idea of & 
‘very suall entity, But since a veties ef direction-vigne 
ignites a denite progression Sc. one direction, we can set 
‘eath dicection sign paralel with a step, and speak of dzection- 
stepe, Te in only clove at hand that me azo made aware of 
directlon-stepe in the dimension of depth by means of direc: 
tion-igne ; for greater distance we mast make use of ather 
‘id, rock ag distancealens. Therefore it i appropriate in 
{900k & cane to speak of distance steps, 

‘Accordingly we shall debe momunt, place and step a 
the three factors of the casi order, to wich in calculation, 
‘We must have recource asthe final, indivisible elements, 

Since ne one workt it applicabie generally, the three 
‘werld-tactocs have ne universal value, but are restricted to 
the special woeld ofeach eubject; and they ovat not be applied 
rectly trom the wartd of one subject to thet of another. In 
order (o make things mors inteligiie, we bave made « kind 
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cf compromise, and have chosen certain measormmeats of 
‘Hove and length, which we all employ in our ow world ap 
to-called objective maacaremeats. If we are trying to get 2 
‘eal night nto the worlds of other subjects, we mast each of 
‘us refer to these standard measurements the particular wocld- 
factors by which we measure things is oar own arid, 

‘lace we are as yet without reliable measarements of the 
bind, I shall limit myst to indicating how, by means of 
the motion formula, we ay induce the length of the dzection- 
step. The length of the moment ls estimated, ox the average, 
‘9 onetenth of « second. On the dial of « very lage clock 
with minutes of cae centimetre in length, the large Rand 
begiaa to show appreciable movemeat when Iam five metres 
trom it. Now, according to the ree of motion, atleast two 
stepe fal within one moment (—0°r seconds}; 8, if the move 
ment ia to be perceptible, ix one centimetre 1200 matt be 
made to the minute. This giver 120 to the millmetre, and 
‘ecordingly the length of each step is about ovr rallmetre 
ata distance of ve metres. 

‘Thin is uot the place in which to discus the methods 
that enable oe fo sue an exact meaturement of the interval 
in rpuon between ane pact and another, oc the interval in tiene 
Detween sow momant and another. We shall merely point ont 
that foc the fist time the possibility is indicated bese of 
‘expreming in the conventional time- and leagth-rosagureroents 
‘he abyalate unity of measurement ofthe subjective worlds, 

we chonld succeed in bringing these absclote subjective 
magurements into harmony sith the objective strmctare of 
‘our sense-argana, there woak! be some prospect of initiating, 
by a strictly scientifc method, » comparstive cosmology of 
‘tuna beings and the higher animals Let ws take an 
Jmatance. Sappose that the distance from rod (o rod is the 
Jhaman retina corresponds not oaly to the distance Irom one 
place to another, but also to the length of a drectionstep 
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fm the oman work, then < knowledge of tie measurement 
snlations ia the retina of ax anima] would give us a veto the 
place, step and moment i the world of this particular kind 
of anise, 
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Tes suggestive that, as the member of places {5 the work 
increases, 0 abo dons the sizeof the objects surrounding u2, 
und theic details correspondingly multiply. Tn such a case, 
‘the whole workt seems to expand on all sides and become 
fuller, We get some notion of tis by Jenklng through 
magaltyisgdass, Bot we est bear in mind that this 
srtifcal increase in sizeof individnal objects twhme piace at 
the rxpense of their neigbbours; the magnification by the 
Jens depends cn small vectons of the Sld of vision being per- 
tnived by more optical cones of the retina than in normal 
vison. Tf for instance, I project the cpage ofa hore chestuat 
Jeaf ex the visual wctace of my retioe, which normally wou 
Dd the entice tre, the tre ite will disappear from thn 
field of view. 

‘But chat would not happen if T ould give (© my retin 
«correspondingly larger numaber of rods and cones. Then 
the whole section of space represented by the chestnot leat 
‘would remain equally large in proportion to the wie optical 
surlace, bu it woe isclade mow as rock Getil as previously 
the whole tee did, and the tee itself would acquire corre- 
ponding increas in detail 

Ta a world of auch buge dimensions, crammed with foe 
runerable details, quite valusless for the requirements of our 
‘xitence, we shoal feel extremely at ane. 

Tt we assume that the moments did not change, then 
‘he nan, Woeve forward ping i, a= things my, imperteptible 
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(o-oo eyes, wonid anqsireoxloul speed io order to sover, in 
the me Jeg of time, the vast span of the heavens. The 
shadows ofthe giant tees would be in perpetoal ovement. 
“The movements of all ving objects would mem tom to be 
sconlerated ; even the euula would hay by at the sped of 
a trotting bone, and we oanselves would move about Uarough 
‘his monstrous space fast an expreas tains, 

‘Aming, oo the other band, that the moments corre: 
spondingly shortened, then all movements would resin of 
‘norwal size, but for their executlen the day woukd stretch 
‘ut to exceasive length, and soon we shed no longer beable 
‘0 cope with the strain imposed by this sape-mark, 

1 we imagine our poets tho Increased in the like dive: 
Han, we should become supecsmen, a8 possibly—it bat io « 
linited degroe—the great artists and gesiutes actualy are. 

‘Following op this line of argumest, itis not dificit to 
onetroct for orselves a picture of the “ subte-enan with 
hin vinintare wenkd, And it would not be uninteresting to 
determine, by means of rotarsrements, (0 which of the two 
type our individaalfellow-men approximate most neatly. 

‘i mach came it wiD appear thet the duration ofthe mament 
stancs ig <lom relation to the naraber of places and to the 
length of the diretion-seps, and thin relationship again 
<depenlson the power of the mind to foc an eatimate of the 
world. 

How oeely the wort, is regard to its spatial and temt- 
oral dimensions, hang together with oar requirements and 
‘or facuties, can be democstrate by ixmusmerable examples 
F wil refer to aly ove other intance—the Dene! effect it 
1has on us that the treoahadows in which we are restig also 
mem tobe at cat; on the other hand, every movement of the 
tong prodocad by the wind or by a bird, reveals itm an 2 
oowentent of the adow, txd awakots oar attention, Thos 
‘what is gutag ox Cove wt hand i throwe Sato eect oon 


me « 
trast with the repos that the ixpereptible progress of the 
am epee over the world. 

“This connection, expreve ofa plan, between the dioen- 
ions of the world, eternal both as to space and time, and 
cour own everyday requirements, & ently explalond if we 
tomenber that itn oar gun qualities wBich ee the momeat- 
signs, local ngza and dzection-cigns providing the abelnte 
measure (ox oat world, and that otemity can be interred 
from the form of the orders. 


CHAPTER U1 
THE CONTENT-QUALITIES 


‘Accomm to the physicist, there is only ope real world ; and 
{isis not a woeld of appearance, but a work baving itt own 
‘Abnolute laws, which are independent of all subjective in- 
fluence, ‘The world of the phyniciot consists (1) of places 
the muinber of which i infinite, (2) of movements, the extent 
of which is calimien, and (3) of moments, having 2 serey 
‘without beninning or ead. Al other properties of things art 
referable to changes of place by the atoms. 

‘The biologist, on the other and, maintains that there are 
many workls as there are subjects, und that all these woelds 
ave worlds of appearance, which are inteligible only in con- 
section with tha subjects. The subjective word consists (1) 
of places, the aumber of which is Gite, (2) of movemects, the 
extent of whichis limited, (9) of moments, in aseries that has 
Doth « begianing and an end, end (4) of content-qualtes, 
which are abo fixed in mamber, and have laws which ate 
Weewise laws of Nature, 

For the bilogist, tbe world of the physicist bas aly the 
value of 2 world crated by thought; auch a world come: 
ponds to no reality, bat i to be considered at an indapanaabie 
‘eto calculation, much asthe logarithmic tables are, althoogh 
logarithms adeat af only 1 limited application, To try to 
rake we of ogurithale tables at an ethical law would seem 
as chidish and absord as Ontwald'sattecpt in Sunday serra 
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to elt the ines of physi to the poston of & moral 
sede, 

‘To the eye of the anicstructad mn, all hat it isbe a 
bis coma world of appearances, enveloped in space and tie, 
and led with the things of yound and soeat and colour. 
Selenide investigation attempts to infcence thi simple way 
of reyarding the world, and trom ‘90 opposite quarter 
Physical theory tee to convince the la man that the wont 
te sen is full of subjective Mestos, and that the enly real 
‘world is much poorer, since it consats of aoe vast, perpetaal 
whirl of alome controled by causality alone. On the other 
thand, the bilogat testo male the pain man ree that be 
sates far too litle, and thatthe ral word is mach sicher then 
he sunpcts, Because around each living being an appearance 
world of ite ows lies spread, which, ix ity main fertures, 
seconbls bis world, but nevertheless displays so smuch vari. 
‘ton therefrom that be may dedicate Ws whole life to the 
study of these otber worlds without ever seeing the end of 
Sis tak, 

‘The Tame connecting each subject with his appearance: 
worl cannot be compassed by castlty lene, bet mast be 
plained a8 conformity with plan. The ditinguising sign 
of this plan resident in every created thing, slated within 
yl though it appeas, finds expression in the saying,“ ALL 
for each and each for al.” Consequently, in contiering & 
hole that is Based oa pan, is iumateia whece we bee 
‘AL hingn within i must react ox ons another. So we may 
begin either by studying subjects, ar by investigating their 
apparnnceaveriés. The one conld not exist without the 
thee 

‘Now 1x soon at we have studied eves a few animals long 
enough wo thow what in the word of appearance chat eurreunda 
‘hem ke «fen though ‘viable house of gas, we ae enabled 
to fl the world around curve with countless mahitude 
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of thea iridescent worlds ; and this @ thouandloté enriches 
four own, however full and varied it may be. And thut It is 
thet biology can offer the lain man an unicalted enlargement 
Of Bis world, whereas the phyzicst would redace bin to 
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A preliminary condition for the investigation of the 
sappearence-woride of others isan exact kaowledge of oct Om, 
Jn the Gxt chapter, which dealt with the spatial qualities, we 
woceeeded in forming xn idea of space that permitted ms (0 
eseribe around every animal a space like an invisible 9oap- 
Dabble, within which all its activities were carried on. A. 
‘number of fixed piaces give sopport for Its ense-organs, and 
‘8 defnite number of direction-atepe give the measurement af 
the magnitades, and determine the movement af its limbs, 
“The direction of movement i ed, in many cases, by nmute 
able divection-planes. Toe laws of the content-qualities of 
‘our mind aze as changeiess as the spatial laws of cur appear 
ance-woed. 

‘As bas xready been exophasiaed, by abserving it in action, 
we can learn nothing as to the las segulatiog ou own mind, 
The activity of our qualities consists in constrvcting ur 
appearance-world. Considered by themaeives, all our qualita 
een just a confused heap of building-eaterials, all more ot 
lama alike. The laws are revealed only when the work of con- 
struction i in progres. 

‘When the content-qualitin are fitted into the loca? signs, 
‘ined places appear, having definite propertir, And now the 
ifiae of a fandaroestal lne is revealed, The “ circa" of 
lationship, which were but faintly indicated in the orginal 
materia), can be delimited one from another. Bash place, 
‘that is to eay, can receive only ane property fram eech quuity- 
eirde. A cerain place ray be blosgrees, bot never bine 
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the mized cou faced trot them. IF we pot down the 
zed pont oc pape, we can Grew a tsght linet the yelow 
oi, and on this line we pet inthe red-yiow tint, We 
cannot cary the stright line fom the red any forte, for 
here we are dealing 2o Jonge wis edylow enous, bat 
wrth colors thet ars x mintore of yellow and green. To 
‘xptem the dfmesen, wt mest give the tne a ee det, 
Some sal plac the grea point bow the yellow and connect 
these to by teaae of «line epersenting the caloa that 
ae a lta of yew an green. When we reach the green 
aint, we give the Une another Sbectin, towards the blue 
oot which place Blow bere, That bony, it appeany 
tat the colours of the spectrum folowing bse from vit 
tave obviocaly an amictre ore. So we may bring bck 
th line from the be pon taight tothe ren this way 
ve got w square, os which we may st eqlateral pyracis, 
far abo and one below; this gives hexagoa: Tho apex 
the epperryrami shal be white and tat of te ower one 
back, Whieall he anges ofthe eaagon ay pre elour, 
on each of the edges will lie colours arising irom « mixture of 
two, The facet of the bexagen, om te ober hand, wi 
diaplay colours formed by mixture of three colours, which 
radiate outwards, is diminishing strength, from the thee 
andes surrounding cach ace. Uwe make atasavesesetlon 
‘Uarough face, we can always tell at what level the single 
colour ie above one anoter, in oer to produce in this 
sway al publ mind elo 

‘A colour hexagon of thn kind reproduce in vibe for, 
even if imperfect, the awn taining within the cece of the 
‘alten f clos. 


‘pee rarveme oF couramasow 
If we ask how it was poesible to transler iato the realm 
‘of space the lawa regulating a form of a relationship that ts 
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ot sceptibie of intuition, we Reve only to ceamember that 
‘hile our eye run along the band of the spectrum, we noticed. 
at certain points that a mew colour-alature sppeartd, This 
‘uming-point in the coloar-anquence we transformed inte the 
‘uming-point ina tine in space, 

Our attention, at fest focumed ox the redcyellow colour- 
‘mixturs, was suddenly compelled to tom to the mixture of 
yellow with green. Even in ordinary speech we spaak of oat 
attention " taking a new dizection” By dewwing a tine 
whieh suddenly takes « new direction, we give a concrete 
{orm to the expreston. 

In both instances, « change occurs i the procest of atten 
too, This yields us the common denominator that pects 
1s to reproduce in the form of an event familiar to the eye one 
that is of quite another kind. 

‘Wa were employing the same method when we converted 
time beats into a series of strates se side by sido, and thereby 
(ansfermed time into space. Our attention was able tm keep, 
the change of content quite separate from the nature of the 
content, and to give this change a concnwte expreasion by 
‘transference into spatial relations. 

Tig therefore to tha process of attention itsell that we 
have recourse when we give x spatial stape to the forms of 
‘lationship of the central qualities. In order to reproduce 
4m concrete [erm the relatioship-form af musical sounds, 
‘we shall employ « sever-sided pillar, and. oa its edges we 
all arrange all the sounds ina spiral, so that thow thet difer 
by an octave lie Below one another. On the faces we shall 
place the transitional half-tomes and quarter-tones. 

‘As the relathonship-ocm of the qualities of well, Henning 
“euggerts a priam. Foe the other content-qualiics,Agures in 
‘ue plane wil safe. 

‘The porticalar procedure in every case depends ox the 
same prisciple : the torning points at which our attention 
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oqaires 4 new direction ae fixed concretely by the anginy 
(edges of a spatial Sgure. 


By enoploying the methott of deternation of threshold, 
nd developing the mame principle, we ative atthe concept of 
the maricaiga, We divide op the whole coloar-band between 
two turning points Isto tiny segrcats ying aloagude oat 
‘other, and make them 30 sll that et least two adjacent 
‘arts, conaldered by theaselves, are indistingushable by the 
eye. Now let us magnify the individsal parts until every 
(m0 adjunct ants Decome just distinguishable from cot 
‘another, Thea the number of individual parts gives the 
amumber of markesigns that the calverband bolds for ms 
Interpreted {0 this way, the mark-eign means the ateraton 
inthe aontent that i just perrptible fo the attention 

‘The number of mares for salou increases with the 
‘sll of the individaal obzerver in distinguishing colours; it 
ives us a chur to the amount of calour in his appearance- 
‘wecld, From carta! investigation, we know that the worki 
of the colour-blind is ever so much poorer than our ow. 
‘While the person with noraa} sight can mae, by meazs of 
certain artices, some representation of the colourless world, 
the colour bind is qalte incapable of imagining the cclonred 
world of the normal eye. Just a6 ttle can the omaical 
oan coajare up the world of melody i which tives the mn 
who fas a musical sae. 

We can distinguish two kinds of markalgns—thote for 
qualitative diflrences sud thove (ar dilrencea of intensity, 
The former are always awocnted with 2 defnite quality. 
‘Thay ace represented by the angen io the wpatiat forma. The 
‘majority of qualitie, howeve, may appear in diferent grades 
cf intemity; these are aot bosnd to defnite sensations of 
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intenalty, but User somber is Sed by the wombec of die. 
tinguisbable sensations I can easly determine how many 
degrees of intensity, or ” Yoresholds, T can dlatingsish in 
1 fed flaid, fom complete saturation to complete colours 
ness, But 1 may choose quite arbitrarily any particular 
degree of intensity 2s the starting-point, and determine the 
thresholds either ia the direction af saturation oc af coloar- 


1 constructing the world, mental sensations become roe 
pertis of things; or, in other words, the subjective qualities 
Trlld up the objective work 1 we put the maesgo in 
ace of th sensation or subjective qoalty, we may my that 
‘the marksigea of our attention become “ indications" aa to 
the world, Acomdtgly, the lows that are binding for the 
{ternal mark-igns must also bold good orth externa indice 
‘ous, Trmutable lef this nd we al nate) to, Al 
the dita of pais relate to indications f the woed, and re 
based on the laws that fl to thelr share as maxkaigus of oar 
attention, The fat that, like the mewentsin ae, the ples 
fn apace cannot be interchanged mor the dotervas between 
‘hem altered, is put Deyond al question merely besmn sah 
telationn depend on the form fox attation which rocndes 
AU experience. By means ofthis theory, Kant lid bare, for 
A to me, the very foundations of hema kooodge. 
‘This theory. homever, rst be applied in the ame way to 
4 the indication-cicks. The eomber of iodiations, ax well 
fs their aangencent, precedes all experience, Even if this 
arrangement 1 not extentve, snd so cannot be direcly 
Intited, stl the law of the regsler increase in indications 
from threhald to threshold fs immedistaly certsn for wach 
Indcatoncirde. From the very begining, with all the 
loevitablty of Netane, the distance between the threxholde 
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fend the regulasity of the icemase ia this distance are 
etermaned foe colours and for sounds, foc sxatlls and for 
favours, just as for temperature and for ecuations of touch. 

Just as the datance separating two places and the direc 
‘om thls separation tales, remain immolable, s0 alse dots the 
<diterence in coloar between two Impare tints and the dio 
Won of the icerease in its sntenalty. A degree of harduess 
Aifers trem another degree of hardness or of softness accord. 
ing to the number of thresholds, a6 wel as By the direction of 
lmcrease, exactly in tbe sume way that a certain low note in 
‘he scale remains always as far removed from a certain high 
‘note, and can never change places with it. 

‘When indications make their appearance in the work, 
they are already is the grip of these lawe, and this without 
any reference to the objects with which they are amociated. 

‘As soon as indications appear in the world, caught, 20 to 
speak, by the bullseye lantern of oes attention, the process 
‘of apperception sets i, and creates from tbem new structures, 
Se, things, objects and implements. In the following chapter 
‘we shall deal fully with tbe nature of this process, Here we 
‘ball merely point out that eack new formation appears as a 
unity, and theo, In its turn, Becomes an indication. Our 
‘world is illed with these indications, which we usually describe 
a objects; but we aust not forget that, one and all, objects 
ace buit up from the indiation-material of our qualities, 


THE OMEEVEE AND THE WORLDS OF OTHER 


It an observer has before him an atimal whow world 
hae wishes to investigate, be mast fimt and foresost realise 
(hat the Indications that make up the world of this other 
‘rentare are hia own, and do not originate from the sark- 
‘signa of the anxious eubject, which be cannot know in the 
least. Consequently, theme indications are, ons ond ull 
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cof the other subject, if both the sounds wppear there 
‘nications in it; and so forth, 

‘The observer's chiat task ooosiats in determining the 
number and the nature of bis ows qualities appearing in the 
surroanding world of the otler subject; xnd he bas to ine 
‘vestigate also in what grouping they act as indications there, 

‘We can divide up the surrownding-woe'd of every other 
abject into two halves, as will be explained folly later an. 
‘The one contains those of the observer's indications tut aflct 
‘the animal sa euch ; oa that account, I call che world ss 
sensed Tha other contains thone ofthe observer's indications 
‘to which the animal reacts; this I call the world of action 

Now, since ove and the same object, on th ove band, 
‘fects the animal with separate properties as indicatians, 
and, op Ue other, as properti affected by tbe anima, the 
bomiary between the two workls pases through the object. 

‘Let us assume that indication C in the igure on the pee- 
nding page reprmnis the scent of honey, and the indication 
1D its Goidity, then it is obvious that, # the animal isu bee, 
‘he indication C, which acts oo the animal, ies ia the woetd- 
ss-semsel, whereas the indication “ fuidity,” which makes it 
‘posible for the bee to drink, ties in the world af action. 

Tt is only in our owe surrounding-world that honey, 29 
a pvectscented fluid, is foaed into one anibed object: in the 
sunounding-weeld of the bee this does not happen, for the 
{ndkcatlon fladity does not act on the bee, but merely ander- 
lien the bee's Behaviour. 

Tn order thet we may not sucrfice the indiseoluble con- 
nection which, as observers, we perceive to exist between the 
‘two properties of the object Roney, I propose that, when we 
ce considering the amrromding-workt of anctber subject, we 
‘employ the term” Sndleators” for anch of ouc objecta ua play 
(part in thar world Tie will be med to mean that bent 
‘trtaln indications are indiwolchly amocisted, which, how 
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ever, in the sucrounding-world of the other subject, belong, 
partly tothe world-asamnsed and partly tothe word of action, 


STH OBSERVER AND THE AONE 


‘The properties of which the suimal is componed are like- 
‘se indications for the observer, These, alter careful etudy, 
‘be weil divide into two halves—a receptor half, corresponding 
to the wotld-ansenoed, and an effector half, corresponding to 
the world of action, The receptor balf receives the actions 
‘of the surrounding-world, and the effector half reacts thereto, 

‘These isan astonishingly cloee corespoadence, on the ona 
hand, between the animal's receptor organs and the work at- 
sanaed and,on the other, between its ellector organs and the 
‘world of ation. Thie mast strike every observe, and it gives 
the impression that the animal is merely an imprint of itt 
surounding-world. On this impressioa are baged all the 
‘theocies that see In the living substance of which alf animal 
Dodles are made, merely a plastic lement, pasively moulded, 
‘which adjust itself reore or ess exactly to external inffuenoos. 

“These theories overlook one essential circumstance, 
namely, that the suroundingaeceld of an animal, if ean 
sidered by itse, a not m unity. On the contrary, the peo- 
erties of the surroanding-workd become linked up into a 
uunlty only when they are in agreement with the propertion 
of the animal; without this bond, they merely fitter about 
Aiacannectedly 

‘The convincing proot that the antzal body does aot owe 
its form to extecal infizences can coly be given by our show 
ng that {¢ displays propection that could mot beve been 
imprinted on it from withoct And this proof can never be 
brought quite definitely. In the arrangement of their ce 
captive or sensory organs, all the higher animals show « 
‘btribution which bas nothing to do with the arcangement 

. 
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of the sucrunding wor, bat which, on the other hand, 
reproduces spatially the disrbution af the circet of their 
indizatone. In the eye ae assembled a the nervous cements 
‘that are directed on the colour-indications of the sucrounding- 
world, The same holds good for the ear, ax regurds the 
indication of sound. In the mouth ie the receptor foe taste, 
and ie the nose thwe fo rl. 

‘As a rule people try to explain this remarkable anatomiea! 
separation ofthe quality-ices within the body by poisting 
to the naitrmity of the method in which the rated properting 
ct in the saounding-werid. The ether vibrations require 
speci transferee I bey ar (o Be converted ato nervous 
exciton: so do the akewaves, The stme may be mid 
ofthe substances tluble in water that yield the taste tim; 
dnd the stimel of the sease of mill are conveyed by sis 
correnta 

Bat this explanation will not bold for aquatic animals 
Here the stim of smell aswell as of taste are dtivered by 
subveances dsoived in water. And cevertheles,fshes, like 
ether vertebrates, have thnk cMlactory and guatatry orgune 
bite ditnet frm ope anothe 

For the anatomical separation of the receptive onus 
inte quite distinct unitin, the chemical or physical connec: 
ion withthe sorounding world camot be helt respensibe, 
‘What are roponsbla are the attectionfarma of the mark: 
signa, of which they are the spatia images. And thus the 
reproeotatans we draw in spe of the quaty-rces aegire 
increased signieance. Whes we stody the sense-onguns of 
animals, ve see Natore ersell at work, and in the very act 
‘of reproducing in extensive forma the laws of istenive 
amagritades. 

“This makes our revarch very mach easter, for, in inves. 
tigatig animals, we can never hope to attain to a kxow- 
lodge of thelr sensations. AI we can determine by experiment 
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is the number end the nature of the indications in the sensed 
world to which the animal reacts. Thns faz, we have been 
able to group indications oaly according (o the forms of our 
cows attention. Bat by realising tat the senso organs of the 
higher animals correspond to this grosping. we are put in 
povition to go further; by anatomical study of the lower 
anizuls, we can now ender to groop thei indications alto, 
tnd this even when we come acrasssense-crgans that are quite 
‘unfamiliar to 03 

“The mast important advance, however, lie i the fllom- 
{ng concuaion. If the laws manifested i the forms of our 
attention (which is the deciding factor for the appearancer 
‘world of our own subject) can be recognixed not only in the 
shape of our om body, but also inthe shape ofthe bodies of 
other subjects of whave attention forms we know nothing, 
‘hen this indicates that the work of fashioning by the mazk- 
signs is not determined purely by our own subject, bat is 
‘supecsubjective. This means that we are ox the track of a 
‘control by Natore pointing to a unity even highes than cnr 
‘own apperception, ix which otherwise we mast see the ual 





‘The fect that the forms cf oar attention find expression 
‘in the conformation of our own frame is suicient to cogent 
‘tat there is factor which uniformly determines the activity 
‘oth of our comeiousnegs and of our body. It i not encugh 
tospeak of a pualelism between mental and bodily processes ; 
‘an expression like thie lous its sense when we are dealing 
‘with a comparison between intensive and extensive forms, for 
such forms are sever parallel te one ancther. On the otter 
hand, we may speak of identical laws, which express them- 
scives both in intensive and extensive forma. 


{HE TauFORAL BOUNDARY OF THE SURROTHDING-WORLDE 


Ur we represent the surrounding-worid of an animal at any 
given moment as a cick, we can add on (0 it the succeeding 
moments, exch a8 a new cirle of the sume kind, In this way 
we get A tube, which would correspond to the length of the 
feciinal's fe. On all eden the tebe is formed of ladications, 
‘which we can imagine to be bullt along and around the Life 
‘path of the animal. The life-pach thus resembles « tunnel 
‘passing through the surroanding-werid and closed at both 
fens, In this tuasel the nature of the indications that may 
appear is fixed from the beginning; 1 we may say that its 
‘extent nd the variety it displays aze predestined, Moreover, 
the timesfengeh of the tunnel bas « prescribed measurement, 
‘which cannot be exceeded. 

‘Proceeding from these immatable factors that determine 
all fein the werd, we cone to tee that lfe ite is based 00, 
fired lame, which are ic conformity with plan : these laws do 
‘ot becoait apparent, simply because the individal destinica 
‘ace so numeroas that we are unable to appreciate the infuencea 
Guy exeet om one another. AS a matter of fact, however, 
‘they are merely variations 00 a set theme, abd a limit cia be 
set to the possibilities they present. 





To space and time, the forms of our lmowedge which atv 
‘present before al experienc, me have (o add fhe formu of the 
contest-qualities, whick canoot be intnited direcly. AS wa 
Ihave seen, they can be bronght nearer (o inteition by trant- 
‘ference into spatial relations, ux has already been done in the 
case of time, of which ovr extensive experience is drect. 

Qn this point, therefore, we mast expand Kant’ doctrine, 
‘and show tbat fos all kinds of qualtien Uber are forms which 





‘THE CONTENT-QUALITIES %s 


are present entirely a proc and precedent to all experience: 
and Gheseappola to each quaby, av soon anit appears, a fed 
postion in a eyates 

‘The neglect cf the a price ere of the content-qualites 
ls partly relerabie to theie having no mamas of tel or, euch 
{a ypace and tie have. The only familie term has Bren the 
metaphorical “rusia scale" for the form of sounds, and, 
‘ung Ut as basis, we alo speak of a sale of ccs,” & 
“scale of tel" ete. The wae of dhe ward” scale," or adr, 
for the form ofthe content qualities was the ft attempt {0 
rake theea forms accesible to intuition, and accordingly {t 
lererves tobe retain asthe general dexgnation, 

4a got another poiat we are cbiged to expand Kant's 
octrine. Not only ace there Sred forms for each quality- 
smatera, but the nusber of individual quatiee within thle 
form i also sbyotete, and precedent to all experince, 

Even ifthe absolute nsmber of quai change with cach 
subject, and the determination of the number in individual 
cases i lft to paychology—or shall we say, to Biology ?— 
(it fa not at all necessary that the pacticular aubject shoald 
actualy experience all the qualities present in ite form), 
revertheleas the faw that the mamber of qualities present is 
Abwalute isa law ofthe pure theory af knomtedge 

The seond law of “ increase ia one diretion * relates 0 
‘the aangersent of the qualities within their patiular fem, 
‘Thi a Ukewise a law of the theory of knowledge 

‘The poatbilty f conspariog with ene another the dient 
quale and thei forms, depends om the fact hat each qaalsy 
luaves beind tin our enaacouanest x tgn—the " mazisign.” 

1 every intanoe where the qualities axe knowe to us— 
se strictly speaking, only in ost own oue—we may constrict 
‘the world picture directly from the objectivated sereatons 
of the abject. Hert the eabject faces his appearance-weeld 
Airoctiy. Where wn are denind a glee into the qualles 
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cf the subject we should not speak ofan appanrance-wor!d, but 
only of « surroamding-world built vp from ovr own qualities, 
‘lace knmaledge of the other subject's“ markcigna "is denied 
‘w alo, we aze confined to determining what properties of our 
appesrazes-world have valse as “indications” in the sur- 
eemiding-world of an animal These indications {which must 
become roark-algns for us, if we are to experience anything of 
them at al), we shall treat like our own qualities, 10 far 0 
oveible, and arrange them in the forms given ws a priori, 

‘We see a justiication for this proceeding in the fact that 
the anatomical structare of the sease-crgans of animals brings 
togetber as a unity those indications that oar attention also 
treats 25 a aniied quality-<ire, 

Nevertheles, we chould never forget that, 30 Jong as we 
are concerned with biology, we Taust not for an instant devert 
‘ou ponts as obpervers frm the oatside. 


CHAPTER IV 
OBJECT AND LIVING ORGANISH 
‘Ta motocrcaL ELEMENTS 


‘Tu biclogical analysis is now fined. Through st we have 
‘became acquainted with the ultimate bilogioal elements, the 
quilitis. We have learnt to distinguish between onder 
qualities and content-qualites. Further, we have actn how 
Hoy three order-qualities—moment signs, local signs and dizee- 
tion-sigas—as soon 2s they combine with any of the content= 
qualities from any particular sense-cirde, booome converted 
inte momests, plates and dizection steps ; and these are the 
cexganisrs of the world 

‘The conteat-qualitcs, which we call costent-senations so 
long as they ace isolated, beccene content-properties through 
their association with the organisers. Uniortanately, we do 
‘ot have for the content-qualtes designations coresponding 
to this transformation. Blue, warm, hard, bitter, ete —theve 
erm require the addition of "subjective er“ objective to 
show clearly whetber we aze dealing with ventions or with 
‘properties. 

Finally, we know that ali qoalities are the material of a 
particalar form. The form of the moments is tne, the form 
‘ot the place is the extended, the form of the direction step it 
‘motion. Motion, by means ofthe planes of direction, besomes 
‘pace, which is encloned oo all sides by the extended. 

‘As toon as a Toca sign Links ap with an optical content- 
‘quality it appears in space in the position determiced for it by 
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‘he planes of rection. Through the co-operation ef objective 
and subjective diecson-signs, the place gets ite fixed position 
‘with regard to the direction-planes in ebjective space. 

‘And in this way is constructed the arteal scafalding that 
supports the world. AS we have sald, to make the world 
cammplete It Is neceuary that the order-qsalities be connected 
‘with at feast one contest-sgm, so that the scaffolding becotee 
the bearer of matter. The measurercent of matter in space 
‘ad time is made pousible only by means of the rder-aalities 

‘The content-qualities of matter at, likewiae, the mater] 
‘of ite speci form, and, in their relation towards this form, 
they exhibit ws which are aot susceptible of mathematical 
caleaation, ot only very slightly so. Sound goes furthest in 
that dizeetion, thanks to the repetition of the octaves in the 
‘musical scale. The colours i the eslourcale offer us sauch 
‘more listed possiibties fer calclation. Smells in the mell- 
swale are not calculable at all, The taste sale exhibits only 
four qualities, the scale of temperataze only three, and the 
seale of touch has only two qualities, ie. hard and sat. 

‘The increase in intensity ofthe individual content-qualities 
can be cantzolled in ealenlation by the introduction of * three 
hold.” The exder-qualties chow no such increase. 

Every substance coatains in priasiple at last one content 
quality from each scale, though it may aot be ponsible to test 
his in every case 

‘We becoma aware of the castent-qualities when we yield 
‘ourselves passively to the infumce ofthe outside warld on our 
toe organ ; bot is testing osr musenlar sensations, we have 
to become active. And therefore these qualitie are, in 
principle, separated from the other contest qualities, and are 
sucribed to matter, a the efiecta of forces. 

‘The atamic theory, even in ity mest modern form, does 
ot take sultclent necoest of the wealth of initial material 
from which biology may work. The atomic theocy metce 
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okey on the organisers, and aims at suppreaing the content- 
qualities, This is most striking when we contider the de- 
berate refusal of physics to consider the law that prevall, 
Detween the content entities and their epecife forme ot 
scales, 

Moreover, physics chooses to ignore the fact that every, 
substance can held at every point at least one quality from, 
covery scale, for this is incompatible with the cherished hope 
of finding the peiitive atom. 

‘So long as we regard the atom as an actoal object, and at 
‘he same time as the elerane from ehich objects are built up, 
‘we shall ever get amay from contradictions. H, en the other 
1hand, we take i to Bea leal sign which ean enter into usioeia~ 
ton with every content-siga, we can meet all diiculties in a 
conaistent vay. 

it teem, then, that we mast abandon oar food belie in 
fan absotate, materi world, with its etermal matural laws, 
‘and admit that ia the laws of our subject whieh make and 
raintain the world of human beings. 


‘TE CONTINUFTY OF TUE WORLD-PICTORS 


‘The popular, physical way of looking at the world, which 
‘assumes the actual existence of objects, accepts unrefecting]y 
certain axioms which asuredly cannot be arrived at from 
experience of objects, bat are derived solely rom the organi 
sation of our mind, for that lies at the basis of every 
experience, Chief among these axioms is the Weary of 
the continuity of the world, which contraste 40 strikingly 
‘with the fragmentary character of our indiviual experimocs. 

‘The principle of the continity ofthe world takes its crgin, 
5 part, trom Kant'e theory of the forms of experiance. Tho 
forma space, time snd motion are, in heir very mature, co0- 
finuows and quite independent of the individual experience, 
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vehi ib almays gontionaas, 1 ig interesting, however 0 
slow how io single instances the gays became closed up by 
the frm 

1 have already drawn attention to the gap that must 
‘appear in the worl pictur on acrount ofthe lind spot in oz 
retina, but which ges filed in by the coloared wuraocs of 
th exvironment imuzediately proving tagetber, 

Still moce obvioa i the break in the ures of ons roment- 
signs whic comes wit ep : it led in by the pure fran 
oft 

Motion, the common fame of the Aicction signs, salvo, 
fn principle, quite continuous. It bere chat the piace of 
the continaty of the wor plays its chic part, for in this 
instance the gaps in the material of experience art most 
appareat._ Since al foces can be tramlormed into motion, 
the peinciple of the sontinsity of mation has bocome 3 funda. 
imental om of pric, 2nd, in the form of the law of inca, 
{or instance, tas ed to the ioovery of consequences of the 
highest importance. The thearies of the propagntion of 
ound, light and beat areal bese on i 

The Force of Gres. Bat the stat to deal with 
reviation #3 motion has not yet succeeded, fr propagation 
of gravity i not demonstrable. What Newton discovered 
vader the applotree was not & deSnite property of bodies, 
which we call weight (that was known long before, bot the 
invisible bod that coanects all objects with the ground, 
1 bond so tee that It Bent down the apples on the 
‘eanches, and sometimes tore them off. He sew this same 
‘ond stretching between the mous and tbe earth, and he 
realed that it drew op the tde towards the moon. HE called 
‘hia fore afore acting from 2 distance, which was able to 

‘The force of reciprocal attraction of masses undialably 
ceomted thrvags space and, nll a other natural fox, 
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manifesting itself only atthe objects and ot in mace, has 
‘ven ce again and oguis te hypotheses which ty to span 
‘this gap. But hitherto witnost success. Thin isthe secret 
anxiety of al physicists, fr natury they do not wish to 
sit that an latun exists in thelr objective space, 

‘What inereats ws rant as biologi is hat we are kept 
sominaally informed ofthe dreton of this ayteroe force, 
“We have & special actse for detecting the pation of the 
ith. Unfortunately, we have a0 words to disingnishs this 
‘paca sense rom the planes of direction. It is oly when we 
are ctanding eect that the above-beow of the zeith vnse 
ssincdet with the above-below of the direction planes. As 
tons. as we bend our head, the (wo abovebelows. become 
itinet from one another, for that of the dzecionplanee 
Altes ts postion withthe position f the head, while that of 
the aenith sence does nt. 

In the inner car, tiny inorganic particles Eave been dis 
covered, which balasice om ite hairs; thes are suppoaed to 
be the sermeargans of the zeith sense. Since the exbience 
of such a sense, giving the direction of the face of gravity, 
ecies the whole aysten of statics of the bey, we speak of « 
static sense. Apart from this gravity difers in no may Fam 
any other reitance, a0 far a8 oor muscolar serations are 
concerned. For our muses, 4 in af! one whether we pai 
all out of the wall of it up a weight 

‘The example of gravity shows that itis not poate to 
dace the cotnult ofthe word-plcture tom motion ake, 
‘x form of expeieace, whichis what the physkits often 
try to da. We snc that this continuity args from a mare 
‘widely wmmbracing aw of oor experenctactvity, which, 
following Kant, we call the law of cause and eet, o€ 
 eaoalty 

Tt in only this majer prem, vai for all uma expei- 
nee, that produces the altimale continsity of the wetd- 
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‘icture, by compelling us to inquire inte the cause and eect 
‘of every phenomencn. 

‘Space, time and causality guarantee the continuity of the 
‘worts-picture, but they iz no way guarantee its completeness, 
For the attainment of commpletenes, the forms of the content= 
‘qualities (the musical sale, the scale of amell, ete) must 
‘rat be taken into account, 

But even then, completensss is not attainod. For an 
sssential property of the world picture, deliberately over- 
looked by the physicists, i st2t lacking‘, gronping into 
‘usities. Separation into spatial atomic systems will ot meet 
the case. Our worldspicture i fled with unities, In order 
to appreciate unites, the mind requires the aid of a special 
‘expedient, the “ gehema"; and I shal now go on to deal 
with thin, 





‘me srw 


[As soon as we proceed to deal with the things of the 
external world, there ane three great questions that affect us 
1 biologits—How ? Why? and Wherefore? As a rule, 
remarch sets to werk at once on all these questions, while 
aking the world itself as given, and without vaking into 
account the subjective factors to which the objective warld 
‘owen ite very existence. 

It is throvgh Kant that we have learnt ecficient eal- 
amowledige to ingeice into the subjective factore; and this 
question, slace we have become coovinced of the subjective 
atare of the world, has care to seem the most important 
of a. 

‘We are vow familiar with the content-elgns and onder 
tgp, but around these there lies a bond which is responsible 
tor creating the clearly outlined things that we see al! about 
‘uy, and a8 to the unity of which no question arses £2 our 
‘mind. This bond is deep-seated in the organisation of our 
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subject, that « very spciat degre of attention is required to 
Aiscover ft a all 

‘The ordersigns and omteat sigs are easly bxonght to 
light, because, with every expecience, they axe directly given, 
1 our conciousness. But to throw the bond around thers ls 
‘an activity of our own, and we perform it quite unconsciously, 
for we are concerned only with the finished reslt, in which 
form alone do we deal with it conscionly, 

‘We can at any momcat assure ounces of the inguficieocy 
of our knowledge even in relation to oar conscious actions, 
‘We were surprised to find that the sume command given to 
the left hand produced a diferent result rom what we got 
swith the right. whea we wished to write the mimeal 3. 
Familias though the nomeral 3 is to us when set down of 
‘paper, it in just ws unfamiliar to ws before it bas bocome 
nctivated in @ series of movement impulses, and died way it 
1 series of impulse signs. 

tis quite hopciew to team anything absut our mind 
before it nets inte action. And even concerning this activity 
wwe learn nothing exact cxczpt through the ageacy of the 
Hliretion signs. the movement goes #0 quickly that the 
signs cannot sound oat soe by one, thea all we experience i 
the fried rms; and fo the case of the left hand, this 
‘wuras aut quite diferendly from what we expected. 

‘Analogens celations arse when we PD oor eye over cam 
tour, and the seqoences of diectionsigns determined thereby 
imprest themselves on ws as a selody wouki, The repetition 
of this melody takes pace o gaily that we are not consciona 
cf the individual diretionsigna Before it is played, the 
rislody itsll is quite unknowa to ws, Only the result is 
Jezown to us, and it appears in such 2 form that we realise 
the presence af a something feria. 

In this proces, the melody of the direction sign does the 
aang, but all we are comecious of 9 the “shape” Kant 
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alld the formgiving melody a “schema,” and the art of 
shaping, which ies hidden in our mind, be called“ schermatian- 
Lae 

‘Following Plato bere, Kant compares the schema of 
smmpiricalthingt witha kind of monogram, which has stumped 
itself om our mind, and forme the starting-point both for 
shaping things and for drawing images in the imagination, 

Tn order to convince ourselves of the correctness of this 
theory, we must turn oar attention to those inatances {x 
wich the schema separates itself from the eense-cigns, for 
here its efficacy becomes mast obvious I remember once 
waen Twas at Naphs hom, along with two other biologists, 
looked for a microscope in vale, because one of us had said 
that be had set it ypright ox the table, It was only when 
‘the attendant, who in the meszwhile had tilted st, pointed 
‘the micrescope out te ws, thac we suddenly saw i there before 
‘our eyes. The sense-signs halonging to the microscope were 
‘ot hidden (rom us, but were concemed with other instruments 
‘hat were standing on the table, The melody of the direc: 
tHon-slgns that should have formed the microscope could not 
snd, because we were trying {o proceed with the business 
Of shaping on the lines of the vertical merascope, Without 
the subjective conditioning of tbe achessa, no thing can exist 
in the world. 

‘Those cases are commoner ia which a wrong melody 
nds, with the cenilt that we foes 4 wrong object, To 
this categury telong the any mistakes we are so liable to 
make in a halftight. We usually find afterwards that the 
contonr of the wroagly formed object corresponds ia taza 
cmential points with the ight ene, and our mistake conaioted 
‘n our completing wrongly the frst bac, which were the ame 
in both melodie. Tn the twilight, we are very often uncertain 
‘a to what melody oxght to wound. 

a bevad daylight, similar mistakes occur with moving 
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objects; and it ie worth while giving speci attention to 
‘eve confoions, for we can learn somthing very interesting 
fram thee stay. 1 rercember once sexing quite dstinctly 
(et toad hop ures the road is rest of me, and afterwards 
‘in resolved fuel into a fat stone and a bumblebee ying 
ast 

‘The following experience made an especial {mpresion on 
sme, Towanted to make sare theta Dost, whi I aaed every 
day foc crossing 2 pond, was lying at its proper place, and T 
‘ent aside a Geasch of a bash ehat obstructed my view. 
‘Therein the Wight sonchine the boat lay before ae, ta ite 
lamidiar coloare; the oar, which bad een sipped, threw 
‘heir shadows on the sats just assal. But a F came toon 
the bush, the boat was gone! Throvgh the campeling free 
of the schema aleady in my mind, I had made use of the 
reficctoa in the water ix such & way as to form tbe beat, 
own to every deta 

1 in really surprising that these mistakes do not occur 
much more aften,consiering how swiftly the eye, when we 
come into strange rem. take in s hendreddifizent objects 
of all kinds ; and st is not posible fr all the achemata to 
ave died away completely while this happens No doubt 
the ealonred content signs make it caste (alee the right 
scheme. 

‘That we do not make we of memory pictues aleady 
‘existing, but of the process of image-creation itself, becomes 
copecally clear if we give pay 
example, when we see bizarre human faoes in the pansy 
‘lowers, oc wich we have no preconceived itsage whatsoever. 
“The man in the moon is another instasce ofthe sare kind, 

Tt Us very instructive to tuen over the pages of » photo- 
friphalbum, and stody the ieapeaton produced oo ws by 
the sodden sounding of a achema. Whea, among all the 
tangs face, we unexpectedly cane upon one thet we ow, 
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nething within ws comets wp, and we know that what wn 
fave belore of is familar; often we do sot realise until 
later who the acquaintance i 

“The schemata are called forth in at, not only by epmtiat 
contours, bat alse by changes in time, We see a hundred 
strangers collected together in 23 open place: muddmly oo 
of them performs & movement, the rhythm of which makes a 
special impression on ws, and we know for certain that thie 
perv i an acquaitaace. Often, however, we remain in 
doubt as to who exactly ein 

‘From such instances it may be firmed with certalmy 
(bat what sarge up fs waa not a memory pita, but that we 
‘ce merely competing once more the restoration ofa picture 
‘ithio curelves; tbe German word" erinner  reprodices 
{his very well. Someties we fal to retoce the famiinr 
pleture with certainty, 20d the process is abortive. This 
tives us an anxions fstng, a5 tough we were seeking seme 
‘hing, and ft lasts unt the carect pietone come ; then We 
havea seaation of tebe. 

‘We may conciude from allthis thet, in order to form 
‘things, we make os, volantarily cx involuntary, of 3 toental 
process; but of this process, altbongh it ie formed by out 
selves, we now nothing, The process erapioys local signe 
to wall an tinaaiges and contentient, but depends in the 
raain oo the secaton of Gectionsigns. Sioe it argon up 
from the complete unconecioos, nothing mace exact can be 
stated regarding I; a0 we mot agree that Kant was right 
‘whe te mid that i is an art iden in the depths of the 
has. soul, the che 19 whieh we ctcasionally and with 
Aiicaley wrest foes Nature, and shal make manifest 

chaps we get nearest to the anknown proce when we 
call the achema 3 certalh ind of “lise.” Line, in this meas, 
jaan exprenion taken from paiatiog, Painting ix very vitally 
conceraed with the natare of scheiate for every artist most 
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nt oc the canvas the cuatent signs cumeeponding to 4 clear: 
‘ut achems, if he a to achieve a convincing eflct. Accard- 
ingly, be amt pay close attention to the proces within 
‘imaelf whea he is drawing objec, 0 that this may dominate 
‘hin representation of them as ively aa possbie, 

1s the Linn of the great masters we recognise this doing 
tion by their schamata; and, st Ube same time, we get the 
conviction that the schemata ars indvidea! tothe artist, and 
‘ae markedly distinguishable from one another eve whes 
thee commonest things are depicted. 

ur whole memory is ike the rigying-oft of a theatre 
with wings led with schemata, which from time to time 
sappuar oa the stage of cor cmciciomsness, oot in their own 
character, Dut dressed op i the comtent-qualitis of our anid. 

Wt is most unfortunate that we coo never bebold the 
comiousnmeratage of another living being ; nothing, wood 
be moce iautrvctive than to ce Uae word through the cheat 
‘of abother. Bat at least Jet us never forget, at we watch oor 
fellowes going (o nd tre around ws, that they are treading 
‘the Donets of our stage, and we theirs. The stagea are never 
(dential ; in most cates, indeed, they are fundasteotally 
different. And we can never hope to play 00 the stage of 
otter the ble that we play on oar ows. 


‘twa aM onyrer 


Qualities and schemata together compose the things of 
‘the cater world, ax we see them displayed before us We 
aay that things have aoch and sock properties, and if every" 
‘thing remained ina state of repon, this would be & complete 
statement concerning the world. Bat everything in the 
‘world fs anbject to movement and change, axd all things 
eect on one aother reciprocally. In the courae of thir 
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sctivity, things display, in ation to the properties they 
Ihave in repose, others whic we aamse " capacitis.” 

‘Whea we wish to embrace the sam-tota of the properties 
nd capacities of a thing, we speak of an object, The potses- 
sloa of capacitien characterises the chject as contrasted with 
the thing. The distinction ie important, Bocuse, trough its 
capuitcs, an object reveals the whole ofits reipeocal action 
with other objects. 

Now 2 fixed subjective rule underbes this callective 
reciprocal interaction of objects this rue is the so-alled 
law of cause and eBeet, er causality. 

‘Without this re, which embraces al change is the world, 
‘we should not be in a position to maintain the concept of the 
object, bat should merly experience unwinding series of 
‘ecpetally altered things. For, since we actually have the 
‘work isolated before ws only fra moment to moment, we 
ee things cut of, ax by « kale, feos the moment that pee: 
codes and the moment that carnes alter. 

‘The object a sach is aot viable, because it us exteraion 
{in aoe, We may also eal it a thing expanded by a moment- 
sgn ; and, by the we of this expreion, its capacitios are 
revmaled aa new or altered properties. The fixe relations tat 
altered properties bear to the same mity are created by the 
rule of causality, which makes the alteration appear as 
the reommary elect cf external canes, So the object con 
stitutes « higher unity than the thing, thanks to the law of 
‘causality, wbich Likewise is an ontwerd manifestation of out 
appeceptive process. 

‘Causality compels us to seek fora cause for every change 
fn the moment thet has just gone, and for sn efit in the 
‘moment that fdlows. It is causality which, throughout the 
‘ge, throws a bond arvand al worid phenomena, 

‘Beginning with any selected moment, we can follow the 
camal chais of change back into the puat and forward into 
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the future. And, ax we do this, we see how the various chalns 
Jak mp with one another to form a network which nally 
deawn into its toils everything that happens in the world, 

Tis not surprising that physics sbowd attempt to explain 
all associations in the world by cauality love, rejecting any 
coher way of considering them. And yet physic is wrong, 
{for causality isnot the only rae at oor petal for systemat- 
ing the wort. 


‘We call the content of objects, matter. Like the object, 
‘matter has properties and capacities. The science concernnd 
with the investigation of matter is chemistry. Matter i wot 
freely exposed anywhere ; in ecder to get matter, we must 
always first destroy an object. This is mast obvious when 
we wish fo get matter from some implement that we have 
constructed ourselves. To dos, we mast destroy nat only 
the external form, but Lkewise is intemal structure, 

Let ua assume, for instance, that we bresk up an old 
lacomotive to get ison from it. We then discover that, in 
‘Addition to the conformation of the parts from which the 
locomotive is built, there is another which belongs, not tothe 
locomotive, but to the icon itself. In onder to keep this 
istinction clear in words, we sball call the " framework ” 
the disposition ofthe pacts in space, in a0 far as that beloage 
to the locomotive ; and the arrangement f the ito particles 
‘in apace we shal call the “ sracure.” 

‘The confusion of these (wo conentially dierent kinds 
cf conformation has Ted to serious ecror; and still at the 
present day it maleads many scientists 20 far, that they even 
Aetive the framework of the living c:ganiam trom the structare 
cof matter. 


‘Sion structure really belongs to the Geld of physical 
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investigation, physics and chemistry azlst one another in 
the study of matter, 

Bot chessistry 1 also an ancient science, carefully aur- 
tured through the Middle Ages by the astrologists, who have 
‘deen most unjustly decried. 

In comparing mediveval chemistry with that of the preeat 
ay, we might easly soppone that we were dealing with two 
tines sciences; bat the iuvestigators of thove times were 
trying, jot ike the modern chemists, to discover what are 
the properties and capacities belonging to the various forms 
of matter, 

‘They studied not only the structore of matter, bat also 
is other properties, end ssked such quetticns ag“ What is 
its colour?" " What srt of « sound does it give?" What 
does it taste Like? "," What does it fel lke to the touch?" 
‘and How avy init? 

For in principe we ascribe to every sebutance one guallty 
trom each of the senenacals ; and i it cannot be demon- 
strated, we do not astome thet the substance has net got the 
quality, bet we say, for instance, " Smell ot tate not pers 
‘exptible: 

in considering the sense-qualitis in their relation to the 
Joral signs, we may, as hat been explainnt, egard the latter 
ss the amallet receptaties that have the terse-qualiticn at 
‘content. With the ical signs we might therefore contrast the 
‘enpe-qualites a contentagns, It i only when the two are 
‘i amociation that we have “matte.” 

‘Th olf chemistry and the sew alike endeavour ta separste 
he fora of matter from ane ancther and investigate them 
(and conneqsentiy all the accesible content-igas of matter i 
Ml pomible conditions), 20 at to get an exact 1 notion wy 
‘powible ofall the propertias end capacities of each individnal 
substance. 

‘The medial chemist looked st ¢ mabutance, touched it, 
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ssoalt i, tested its sound and tasted it. Thea he noted dows 
A the properties observed, and from these data be described 
the substance as exactly 28 pout, i ender to distinguish it 
from others 

‘Very eacly the theary of the four elements was extablshed, 
Bat be lmowledge that every enbstanor has three states 
of agaroyation controled by heat was no more than a vague 
presentiment lying at the basis of this theory 

‘The unreliability of the teats, and espechlly of those 
for the intensities of the several qualities, led gradually to 
the introdaction of other properties admitting of more 
certain determination. Thun is créer to get avay from 
rect tenting of heat, use wan made of the expansion of 
bodies, and the thermometer was invented, To measure 
‘weight, the movement of the balance was exoployed, and that 
‘ved the standard, 

‘To test hardness, a secies of special substances was chown, 
‘ach of which would just scratch the other. 

In place of testing by amell and taste came later the study 
Of the relationships of thove sobatances which either com- 
bined with one another o separated of from one another: 

‘Thus by imperceptible degrees the whole study pawed 
from the domain of the other senseorgans to that of tha ey. 
All our apparatis bas refeeace to the eye, and expecially 
since in chemistry the testing by wound bas fallen more end 
more inte disuse. 

‘Smal wonder if, in the courve of time, the conception 
of what a substance sealy ie has become completely changed. 
‘The study of the forms of crystals, which furnishes what isthe 
mow. reliable characteristic of substancen, has been mainly 
responsible for the present tendency (o explain all the pro- 
‘erties of matter oo the basis of an invisible miniature atroc- 
‘te. Tt is im argordance with this that stereochemistry has 
developed, x cience which trace the afinites of subetanoen to 
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ce another from the arrangement of the atoms in space. 
‘And 2 in plane of chemistry, we ave, in the lat instance, 
imicoptynon The deal now to refer all the qualities of 
substances to the acangiment and movement of atoms ar 
{eups of atons, A xia outcome of this theory, the atom 
Tewes every material character whatsoever, and becomes 4 
mathematical point in an eddy of & medism that is oa 
tinnous and univerelly creating, But nat further defined. 
‘And with that we get back again to pure local signs and 
‘incon sign. 

‘rote the biological point of view sething could be said 
segalat this eduction, i physks cecoplied clewiy that, in 
‘the fat inatance, it Was is fosadations upon purely tub- 
fective qualities, ad that consequently all the etructsres 
axing theron are party subjective appearances 

But this i by 0 means the cue, for phyulcs is all the 
‘time under the delusion that, through its reduction of all pro 
erties and capacities of substances, it ia continually getting 
eare tthe true realty. When, fr instance, in considering 
‘the increase in waemth of a body, physics neglects the in- 
ceasing intensity of the beat quality, sobattaing for ft the 
(growing extension of the body in space, and then uses tk 
lone for taking meanarecents tbat not dicovere a reality 
Iying behind the Beat-qulity, bat hab merely howe as the 
sign thereo «parallel change in another sente-quality, because 
that happens tobe more accesible to calcslation. And even 
it i should become pomible to mubaitue spatial charac 
terse forall the qualities, the subjective nature of the 
pial sig would not be altered io the eat a wn sald 
‘0k be ont step eare: tothe reality sought. 

‘The substitution of Joc! signs and direction sgas for the 
ceateat-cigns does aot mean that these disappear from the 
‘word. What one has done is to bring 32 8 common 
devominaer, of gence spplicatien, which alone permita of 
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‘working by calculation; and thie has been the ceal aim in 
‘View throughout the whote development of chemistry, 


onyacr axe nercmeser 


{we are ta pat in the proper Tight the question at ianie 
Detwoes physica and biology, we routt tue very cear-cnt 
‘terms. Physics maintains that the things of Natare around 
‘us obey causality slone, We have called ench causally 
‘ordered. things, “ objects." In contrast to this, biology 
cares that, in addition to causality, there #8 & tecond, 
sibjective role whereby we systematice objects: thi dx 
conlerinity with plan, aed itis neceaary if the work pleture 
{5 to be complete. 

‘When the hammer strikes the string of piano and 2 note 
sounds, that ia x purely causal series, If this note belongs to 
a melody, it is interpolated im a sound-secies, which also 
exhibits arrangement, bat not of a cums kind, 

‘When the carpenter's axe chops up the wood into planks 
‘and pega, and shen the Gel bores through the planks and 
the hamuner drives the pegs into the hele, these ase all of 
them in causal succession. But tbe structare emerging fromm 
this process, the ladder, cannot be interpreted by causality ; 
it can be understood only from a knowledge of the designed 
arrangement of the rungs with relation to the main plants, 
‘nd ofall the parts (o the whole 

‘We sball cal "implements those chjects the conntrne- 
tion of which is not to be exphined by were cansality, since 
in them the parts stand in the same relation to the whale 
as the individval sounds do to the maldy. 

Both objects and implements consist of matter; bat in 
the object there fe no arrangement of the parts other than 
‘that which the structure of the substance brings with it In 
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he ioploment, there is, la sSdition, & framewek which 
sompecis up the pats inte a whol that exprees pln. 

1a outward appearance, objects and implameots art 
Indhtingudable from one another. The same lca sigot 
and onntent-sign, encloed by the sae ace, farm them) 
both; just as the words of a langutge presnt the at 
teal appearasce to te man who inow the Innguage at 
{ey do tothe foreigae. But the ooe known the hws deter 
‘mining tbe jutaposton of the letters ia the word, whe 
the other, not baving tis guide, wares uncomprebending’y 
At the words ofthe foeigsteopue. Tht one ses before hin 
ocly varus aerbages of leer; the ater reads word 

Undoubtedly to the bilagst of the present day many 
‘things around him appear to be objets pare and simple— 
such Joe ictance, 282 eap of sand, o the water ina veel 
4a both instaness, the parts car be interchanged in every 
‘iection without the whole being in any way aBicted, We 
‘hall adit, therefore, even from the Dialogic] standpoint, 
that there are objects withost design, or mane hearings 
Agether of matter, in which at the poment day we ate 
nnabie to discover conformity with plas, The whol a itor 
eric satare & couily looked on 2 conaating of objects 
‘governed by caualty alone, Inorganic cbects ze at present 
treated ax ubsanoes bed together by a achema, xd fring 
‘Sexigoed impleaena only when they are wed forthe prodacta 
‘of uman beings. The plan i sich implements is exchnively 
a aman one; matter is merely the medium employed in 
‘hei coxstraction. Even the physicits cannot deny that 
there ig plas in ema prodocs, but they rege to uit 
any ote kind of conformity with plan in the things ofthe 
foorgaaic wed. 

‘Men did not abwags thine in tia way. eoording to the 
Greek view, nothing in the world was withoot design. The 
centr inorganic woe vrred ta them ns och « work of art 
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‘the orgunle. Sun, moon, plnets and the heaven of the 
fered tars united in a vast work of art expressing pls, 
‘which every sobstance comuple its appointed place, The 
water owed on the wath and gave Sie to it, jst a8 the Blood 
doen ia the body. There was no. such thing at dead 
matter 

‘This must be obvious to any maturast who pemer 
‘heough the museum at Atbens, aod locks critically at the 
ancient waterjac, which dir so exeatiaty fom our own 
vwatervetelt. While out own, wha they ar good, reproduce 
In every deta of thee fora man's pccorapation with is 
‘own affair, inthe ancient jas thes signs recede into the ack- 
round, and the vewele come fo reprteat as compte 
oulble a dothing of te water tell 

‘They ae strikingly ceminscent of caralsehinopod shall, 
swith which the fuid protoplaan ofthese wendeful organize 
fnveste itself. And thos we get the impreston that, in thee 
‘1d Grecian jar, the water created for itself the only entelape 
hat would exacly St it, and that Gis was subsequently 
made wee of by man. In their pelection, these ancient 
wesc ae trae formas of Nature in ft 

Ia es claim of conformity with plan, the Greck view ofthe 
Wworkd far tranocende the boldest dears of biolty. The 
canfdence and cooesency ofthis way of looking at cing, 
Drowever, makes as wouter wheiber, by easing the i 
‘organic wor to physis, we did not reinquih far Yeo much 
round (o the enemy without showing Ggit—round which 
‘ccasionlly we have to win back. 

“There ae a number of facts that can be wed in apport of 
(dia view, Ht carsialy ne poof of the lack of plan in 
‘Nature that water is beavist at 4* C. for thie prevents the 
Inland takes froma belag tcaen up, and so anal ite fs pre 
seeved. Neither does the formation of anowakes suggest 
‘hat thre no plan, for if in winter the water poured dowa oa 
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1s in the form of icicles km so many winged arr, the He 
of every creature would be ixperiled, 

For the moment, however, it isnot advisable to lead the 
attack in this direction, for the defence offers uz mare im- 
portant strategic positions. 

The design expresed in our humax products and tools is 
incontestable, and it fs not denied even by the physicists that 
thee are invariably to be reckoned ac implements, fr without 
Imowiedge of plan in them we could neither ceate nar 
‘we thera, 

‘An instance that 1 experienced imysel broaght the truth 
of this umertion howe to me with peculiar fore. A dever 
yung negro, whom 5 (ook with me as my “boy "from the 
interior of Africa to the coast, was unable tocizab up a short 
Indder placed before hire, bean be did not know what sort 
of a thing it was. “1 see nothing but planks and holes,” 
bbe suit After someone ele had demonstrated ladder 
tlimbing to him, he could at once imitate him, for be was a 
superb climber, The ladder was not ehrooded in mist; it 
stood right there infront of him ; he could gee it and touch 
It; asd yet for hie it was not an implement, bot an cbject 
widhout plan, of which he could rake no use 

[From this example, we recognise what itis that binds the 
Deresinto-a whole. The fixed rule ofthe action of climbing at 
ce brought order imo the confused medley of sticks and 
tales, and formed the ladder. Yt ke caly the knowledge of 
the rae of ection pertaining to its “function ” tbat arranges 
the parts into the whole. If we do not know the fnction, 
‘which establishes Ged relations, we cannot know the deaigs, 
and we do not recognise the significance of the implement. 
Accordingly, instead of tha plan expressed by ax ixplement, 
soe may apeak ofits “functionality.” 

On closer consideration, it wil be clear to everyone that 
‘by the word with which, for oar muteal understanding, we 








‘OBJECY AND LIVING ORGANISM = ey 


describe the implemumt, we make allation to its" functional: 
ity." A bench, for instance, may be called a settln”; 
and in the word stepo "for “ stairs,” the function is leary 
exprened, 

‘Even the aamas ginen to objects originally imply a frnc- 
‘iow. If you ask children what meaning they attribute 0 
‘the aume of sonve familiar object, you wil alwaye meet with 
1 function, composed either from their evm actions, ot froma 
the action that they ascribe to the object. A stone, for 
instance, always means something that can be throw; a 
‘ond, something that sas acrom the ay: and 40.00, Tt Is 
aly grown-up people who define the object as the suum of 
properties and capacities, xd ignere the fuaction atoand 
‘hich the properties have originally crystalised. From which 
we my conclode that the child's word is ati enticly bait 
(of implements, and tbat the object is a creation only of 
Inter rection 

‘Accordingly, far the understanding of all things, it is of 
tundazsental importance to take exact account of the relations 
ot properties to fusctions. The most instructive examples in 
‘this direction are those in which « sew implement arise, of 
an object is translrmed into an implement 

‘When a boy caleets "skipping-stenes.” which he wants 
to send dancing across the surface of a lake, there arises oat 
of the general inplement “ stooe ” (whose function in general 
sta be thrown) a particular implement, the properties af 
‘which group themaelves round the special function af“ skip. 
ping.” The silpping-stone is hard, dat, circular and of » 
certain eight. These are the propertis required for this 
special function; the other properties it poesesees, over and 
bove these —such as colour, sxell, taste and resonance — 
are " inespential,” and are not determined by the function. 
[follows from this that, by the much misnced word " nature ” 
of ax Implement, we always mess its fatioo, 
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1 sat cal ening proper the which are ecetary 
and “ emential "; these ethers whic Seped only on the 
eharacter of the sbstancs, I shall call scompenying ro- 
peste, 

Tn every tnqoage, thre occur words which have two 
sonanings, scooting to the context Sn which they ze found. 
Tnoated, the words bave no Sxed meaning, In he sae 
may, thre are things which are susceptible of two dierent 
tes, and thee, accordingly, whee comidered lene, Bave no 
faed function. Tales. by Uhemselves, they azo not lam 
Dement, bat merely objects. 

‘So long as I hold in my band a circular, concave piece 
hn, Si suerely an object. Hf Tet St fn a windows 
frame, it becomes a windowspane: if {patton the table, 
‘oor nce, wich Tea with water. To both ce, 
the object as become an tmptemeat. 

‘Tt ovust de borne in sind that the leading aud accampany> 
ing properties change with the change of function. In the 
sate of the windorepane, the tramparcary fs the lading 
propa, and the concavity the acampanying. In the cue 
of the srucer, the reve is trae the concavity is the chit 
Property aod trampereney fs the eccompanying. Function 
feta tke 2 magnet, which attracts towards H ow some 
cqualitien and now ater 

Now it appear tat the acompanying propetin art 
frequently used by subsidiary functions, and so enter with 
{hem into a oammwor of the impleacot. Thos tenaperecy 
memes abidiaryfanction of drinking veal, he contents 
at which we wish to teat by the eye. In the stme way, 
concavity becomes the subsidiary fanctio o certain window. 
pazes, which by rections on the conven side ward off the 
(se ofthe ingle. 

‘The trunformaticn of sch subsidiary functims into 
veeis fomeions ay eal take place sade: out very eyes; 
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ss an example, we have ealy to amsder how a portable engine 
‘comm truformed into a ecomotive. 

“The great majority of cur tols, machine and apparatus, 
show the following structore there & 2 " main function, 
to which u greater or lee nomber of "subsidiary fonctions 
tre attached. However folly the framework be analysed, 
‘here i always some read of accompanying properties that 
do set enter into it, bat can be interchanged without damage 
to us implement. For the mast part, they belwg to an 
lmplesmnt that he been destroyed in order to forma a new 
(oe, or to the substazce fom which the iplement was 
sade. 

‘A boat, (ar instance, always shows certain properticg of 
the tree from which the boards were procured, propertics 
‘which art ioeaental to the boat as much. (0 hike manner, 
all thote of cur Implements which are prepare from suetal 
oe other subwaness are ladea with property which do not 
belong unconditionsly to the trumewors of the implement, 
ut are condiionnd by the structure ofthe substance alone, 

To all oar implements something extraneous i attached, 
Devtuining to the material oaly, aod not entering Into the 
framewoek ofthe facetions and maby factions 

‘The framework tee displays everywhere the same 
Principle, in, a main fametion, achieved often through the 
‘Agency of a mate of part-fanetions (ane bas only to think 
cof bow many functions must be exercised belore an antorochite 
‘gen going), and « large number of vabalinry fonction 
(which are exprnted in the " body” ofthe car). 

al cae, the properties ofan implement can be analysed 
{nto the peopartica ofthe material and thove ofthe functional 
frameworks without anything being left over. There oavet 
Anything tnaxplalaable attacbing to ox: ianpementa, sock ot 
takes the stody of the Hing onganiam st once s0 dificalt 
td wo facinating 
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‘Tae framework of our Raman iplements is intelligible 
lly beonase they all refer to sore very familar human 
function, ‘The actions of implements are never thele own 
‘setoas, bat exe merely coanteractions to our buman doings 
‘Which in wome way ox other they support, refine of expand. 
‘And 10 we ere never is any doabt aboot there being # main 
function; we recognise quite clearly the parttunctions and 
snbaiary fomctions, beaune Troaghont we secagse human 
ction 19 the measure and basis conatioting the cause of al 
the counteraction, down tothe smalentdetall. The way in 
srhich the eounteractions expres themeelves In Ihe frame 
‘work i datermined by the properties of the material from 
‘which we contract the implement. 

Morphology. This consinty that a principal function 
Jorma the safeting around which the othe fenctions rasp 
‘herseives, is hcking whex we deal with Living beings, and 
swe very soon feel the eect, As a matter of fact, « new 
seience, " morphology.” has developed om the mere de 
scription of the framework of organisms, a scence which, ix 
contrast to the theary of function, i¢ not applicable to our 
Trnmaa implements 

“The fundarneatalprincighes 00 which the eaueigeation of 
living things was undertaken spang fzom thin aclence, When 
wwe divide up animals into Sverayed, fourrayed and two 
rayed (ateraly symmetrical) and segmented asia, we 
sve dealing with Uhings from » point of view that has nothing 
to do with the functions of the animals, 

‘AL A very early date the conviction forced Stel on 
soologiets that x clamifcation of animals mogt be carcind out 
aot seomting to fectioaa, bat according to morphological 
features; not the “ unalogy ” of the anateaicl parts, bat 
‘heir “Tomelogy,” is to be the standard for camiteation, 
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‘And thus greater importance is ascribed to the position of 
‘the orguns inthe anizoal body than to their function, 

If we were to try to lasify our tools in the seme sort of 
‘way, the result would be sheer moasesse. 

‘On this ground alone 3 mechanistic theory of living things 
should be rejected. 

We should be noted that, of all our sciences, morphology 
Ista perhaps the most unsaiefactory theocetical basis, if 
indeed one can speaie of « basis at all It ie certainly aot 
‘adminible to apeak of « vaeory of the structure of organisms 
that can be linked op sith the theory of te structure of 
matter, ¢  voderyandable enough thet, a8 result of thi 
contoaion of quite diferent things, fresh attempts ace per 
etary being made to explain life as a further developrent 
of erytalisation. 

1 i ot quettioned that the rules af morphology relate 
to the framework, and never to the material, We may say 
that the framevord of implements is judged from che point of 
Wew of function, But the fromeworh of organisms Beth from 
(a functional and from the morphological, OF this, the te 
‘cognition of the two penciples of analogy and homology takes 
Tull count, Moreover, homology refers only Lo the arrange- 
‘ment of the organs with regard to one another, bat never 
to the framawerk within the cell, which is exclusively 
unctonal. 

Discovery of the morphological priscples ia the archi- 
‘eetural plan of the animal is made posible by comparison. 
For if we consider the architectural plan of an individual 
‘cninal taken by itaalf, all we shall be bie to recognise atthe 
fiat glance are fanctional principles. 

‘This fact finda expression in our saying that morphology 
tise meant “comperstive enstomy." Striking though the 
fact ia It wan at one time taken quite 2s a matter of cate, 
‘without anyone seeking for the explanation that lay so near 
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wt hand, Te wae reserved for Denwision to ewert that the 
rorphilogeal principles are referable 10 the physiological 
rincipas of eates generations, 

‘Asa tangle prot ofthis vey dubioes theory, Darwinian 
Aiccoverd the “ vestigial organs seid to be demonstrable 
{im every individual now living a3 sarviving remains of physion 
logial requireraents in pst ages 

Tein tve that we sometimes sot umn tats, converte te 
other purposes, stil retaining from the past certain useaas 
‘arts that do not happen to be inconvenient. Thos when 
fd ralway-caringes are tured into workmen's clings, 
the wheels, now wade, ere not removed, but are merely 
fiand vo that they do nt tar. 

othe basis of sich » mperScial analogy, it has straights 
‘way been ase tA thece might be vestigial organs with 
coaly « morphological, but no functioealsgaiicance. Hitherto 
0 Hagle one of these organs has withatoad carol testing; 
soma fenctioo peculiar to it has always been revealed, and it 
1a to be hoped that vestigial organ” will woos disappear 
into oblivion. 1s surely presumptooas to thrast on biology 
1 theory according 10 which an absolutely sueles tumonr 
(hich i hat the Vetiga ocgan reprenents, trom the phylo- 
Fogel standprint) smut be ixberted for thowands of years 
‘throughout al generations, 

‘Apart, however, roa this lapse ia recent tet, mor 
Pology has establobed very remarkable and stable rules, 
land to these we most unconditionally accord special impeet- 
seca, When, for iorance, we fed that the whale and the 
‘Peale, which are both mammals, bave the same number 
of corvieel wettebee, mamely 7 (and this derpite the ex: 
tremely diferent leogth of their necks), bot thet the sean 
tu more than 20, thea morphology is completely join 
in aiming to un is roan a indication fr the determination 
ef relatounhip. Bat the astane of the connection between 
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relaiouaip asd homology, as regtsts the position es well 
48 the narber of organs, seanains quite problematical 

‘We cannot say that morphology sought in Darwiniam a5 
cexplanation of har particular rules. They were forced ow her 
Yy Darwin, which bad ased of the sable rule of mar- 
phology forthe wyppert of is own very ely aioe, 

“The aociation with Darwinian bas not proved a Meang 
to morphology, tor in placa of criteal examination of Ary 
facts, the mow faxtastic graralaical tens have been drafted, 
and this kiod of thing bas greatly itecered with the wack 
ings of & science which bas every right to be considered 
alnstaking and cactiona 

One thing, however, must be maistaized. The exiatence 
‘of a morphological science of living organinms is aot just a 
matter of course; it is am exceedingly puseling fact, which 
cant be deduced from analogy with nandiving implements, 

Physiology. If by physiology we understand the study of 
the (actions of living things, chan ite chil tat oma i 
‘the functional analysis of the framework of organisms In 
making this analysis, it becomes evident that the structure 
of the substance of which living beings are composed pase 
dover into the framework in sock « way that we oun sever 
make certain just where the ose begins and the other e0ds, 

‘And heat wa Sind another cease for dissenting from the 
mechaciste heer of ile. Fo wih ll impemencs of man's 
erating, af we Deeak them up we always core upon. pro- 
partine of matte that do not enter into the frametrk, and 
‘this becansa we have caly very impertect control of the 
Imicrosrpicstractur. 

Mace thorough investigation of the microcap atrctere 
of the cals of all ving exganians as beougt to ght the 
very significant fact that every oul emits of two parts—a 
‘art incorporated jn the framework and « protoplasale part 
(Only the framework part of the cal, which bes arisen fom 
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‘the peotoplamic part, undertakes the function of the cul, 
and therewith that of the organ. The protoplasmic part 
seems to serve merely for repair of posite injuries to the 
framework. Later on we shall have more to say about this 
remarkable “living ” substance ofthe protoplasm, 

the protoplasm be left cut of account, it can be said 
cf the framework of the cell that I i an abeclately pesfct 
racine (in contrast to our machines, which are always only 
sppraxisately perect), fr no property of matter is present 
which does net exter completely int the framework ; more 
cover, the rules which hold good for the construction of this 
rmlero-machine ate exchsively functional. This isin marked 
‘contrast tothe arrangement ofthe organs, whichis determined 
‘by morphological rales at well, Whether we consider muse 
calla, nerve-cels, bone-els or sensory cels—in each and every 
nstance we find the sume perfection. 

Tn this respect, there is no ouch thing as evatotion; the 
lowest, just lke the highest of liviag creature, are, wt regu 
their miromechanks and microcheastry, equally perfect. 
Sn face of this fact, all attempt to explain living things as 
hance agglomerations of substances calapees utterly, 

‘We must also ruthlewly tear away the veil at another 
point where the evolation theory Bas dowa ite mishading 
eis just a mistaken to say thet whole organs are more 
ectoct or less perfect 2s itis to say this of individual cel 
It an oxgas is dierently constrocted from another, that does 
‘sot imply technica! defectivencas; it then has another 





‘An organ constructed for a narrowly restricted Function ia 
sot, on that sctoast, more perfect or lam perfect then one 
‘hat serves several fonctions. The foot of a fow! is neither 
Detter nor wane than the foot of a duck, although the duck’s 
{oot serves for progression in the water as well atom tbe dry 


OBJECT AND LIVING ORGANISM. 5 

‘The interiocity of an ongen in one individual whea com- 
‘pared sith the ame organ in another of the mame Kind is a 
‘matter for pathology, and bas nothing to do with evolatioa, 

Tn spite of our divest from the doctrine of evolution, 
it would be childish to deny that there are higher and lower 
‘orgunisom, But we must coufne ourselves to showing that 
there are anizals with ore mumseroas, if not neoemurly better 
‘oxgans ; and these we call higher animals becnsse they are. 
so och in ongans end in functios. 

Uf we wich to speak of an evolution from lowar animals 
10 higher, we most ia tbe feet place get quite clear as to what 
function he organ serves in the case wceted, and what 
‘potion that occupies in the framework of the whole—wbether 
{tia subsidiary function, a part Function, ora whele functicn, 
‘For only then cam we pass on to the euential questions ic, 
‘whether indeed there is any such thing as a gradual passage 
from ane function (@ another, and whether « pew fonction 
oan sae gad, 

‘When we examine oor own functions or actions, which 
‘have their faithful refections ix dhe counterions of our 
‘implements, we came to the conclason that every perforsianst 
fof x fonction, whereby it becomes an action, consists of an 
inopendent sequence of ious, whic forms throughout 4 
fnolated nity. If 1 want to walk, ram, ox jump, T rest 
{apart to myn « quite definite impale sequence, which Puts 
‘the organs into the corresponding degre of activity. S(T cane 
‘tract a staieage fo climb up, or chair on which t0 at, the 
‘implement se farmed should also give the impression of being 
fan igolated unity, There are, however, = great many diferent 
Ikinds of choirs, which fal the same function in a more 
x los perfect way. And ere we have yet a further tustra- 
‘loa of the imperfection ot our implements; they cannot 
‘bear comparison with perfect argans. For organs never show 
‘hia ambignity; they may, asin the case of our Jeg, serve 
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diferent tecetions, such as walking, resning aod leaping, 
and 0 are pot concentrated ox oot function alone, at 
the Jeaping foot af the Kangaroo is concentrated, down to 
{he [ast deta. Considered superficially, vbey perhape seem 
to be impertect attempts to approximate 10 the fenction 
exercised at the moment ; in reality, considering the changes 
‘hat the subsidiary fmections demand of the organism, per 
fection ix always achiewed. 

‘Accordingly, we are not jailed in comparing the various 
forma summed by aa organ with the gradual perfecting of our 
own iplements, which art alwys meriy epproximately 
adequate to the comter-action. 

But, by renouncing this comparison, we lve a very imparts 
nt piece of evidence, which hus been adduced to prove tbe 
(gadua} evohtion of organs, evidence that is especially con 
vincing because the analogy wees 20 obvious, 

‘The organs of animals are always the pertect expression 
of ane fanction or of pevers), and consequently changes that 
‘ke place in thers point to a change of function, The funce 
dons thempelves, boweves, are always nities, and not subject 
to change. Ove function, it is true, may more or les force 
‘another into the background or even cruse it to disappear 
altogether ; but functions themselves da vot change. 

Ror instance, T cam take mp a sitting, all-lying 
‘position, lot it in ax immpoaste for me to le more or Le less, 
‘8 to alt more or sit ke. 
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‘Ageia and again we can demonstrate that, when our ayes 
‘ae shot and the order is given that the left hand isto write 
1 certain Jeter quickly, it vecy apt $0 lapue into mirror. 
‘yriting; and this doen oot happen if we guide the pea slowiy. 
By coving tht apes and waiting quiciy, the contra is vemoved 
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Which we otherwise exert over the dizectioa the movernent 
fellows, and the sequence ofthe movement impake,theronghty 
leat for the right hd, prodaces wscrorritng inthe lef, 
‘which i ita mirror-image. This axpeciment caabler ws (0 
separate the inapalse-sequeace from the contriling schemata, 
‘which otherwige regulate our movement al the tine. 

‘Tha separation becomes even sicte obvious in those cases 
wero, am in the movements of car lary, thet is never any 
contra by the eye 

In such instances, contol by the outer and inne direction 
signa disappears altogether, and is given over to the ear 
sone. For the moversents of the laryngeal mavdes do not 
reach us through inner direction-sign, but. along with vague 
-maseularfecings, come to our consciousness indirectly coly 
(through the sounds produced. 

From this it claciy follows that the impuise-equence, 
although connected up into a compact unity. mast not be 
confused with the sense-schena, which may be regarded a5 8 
spucemonogram of risady of dizectlon-sgns 

‘We make the schema of the alphabet our own throne 
earning to ead, a faculty originating from the direction signs 
‘of the eyesmusces a our glance eweeps over the contonrs 
and it ls not permissible to assume that this schema is trant- 
ferred directly to the muscles moviog the hand. On the 
‘contrary, by performing the movements of the hands, we got 
tsothericham, coming from the directionaign of the hand 
uses; and it is this which, combined with the sight 
schema ofthe eye-musces, controls tbe movements in writing 

‘The schemata art undoubtedly acquired by movement af 
the muscles, became the diectiomsges sound during. the 
movement ; but they have nothing dicectiy to do with the 
umcalar innervation. The seaseechemats art aids pet- 
caption: the impulsesoquances, on the otber band, are 
Girecors of our ectivity. Whea they come into action, the 
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fmpaloesecquences, of which we never experience anything 
ively, create the fenctions. Oar wwe of the tchemata 
amay be extremely wasty, bot we are stil mane In the dark 
‘when itis a quertion of the function; for conoeming the 
‘eercite of the fonctions in every ovement of tbe hand, fn 
every Inclination of the head, ends forth, we learn soma 
thing only through the medias of the sangeactemata, und 
that tiwaks to the divetion-signs conecied with thoan 
movements. 

We have ao direct imowiedge whatever of what we do 
quite as » matter of course. What we team with regutd to 
ail ow actions comes from the sexsesiges alone, which serve 
(o contra our movement 

‘This is why ti 9 extresely dificult to get deat mutes to 
speak, foe they Jack caotro! by the ear. and the laryngeal 
imnscutnre has no disctionsiens. Oly by salting in the 
mister of the directioc-tigns of aouth and tongue do we 
screed in impressing on dea-moles certain odicatons which 
they cam st is producing sounds. Leaming to read and 
‘wile, ca the other hand, presents no greater difcatin to 
them than it does to norzal people. 

‘The cate of deabmtes ives ws a good idea of what our 
compete beipleanee woald be if we were depeived of the 
sense contro of our actions. We should actualy be incapable 
of initiating even the hast regulated sequence of movements, 

a the cate of anal itis aot pouible to rouke this wtate- 
went, There af animals that enccate quite deSnite move- 
rmentaegoences, 32 which cootsel by the senaeorgany is 
ching, Actions of this kind can came xboxt through & 
special bind of werre-inking; they arn called relezea, When, 
1 the other band, regulated movement sequences are per 
formed by an animal that i without contr by sersconpess, 
snd soch movemests ae not inked together and condtionnd 
‘by any deroowstrablestrectre, we speak of inclination. 
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‘Tae concept af instinct covers, therefore, tact recoguition 
of fanetion as an independent factor a addition tothe animal's 
organization, 

‘While the venseachema brings rule and order into the per- 
‘captions, the impulse-sequence, a¢ creator of function, beings 
ula and order into the actions. 

‘The diflrence between animals that learn through experi- 
mon, such as human beings, and instinctive animals lke birds 
and insects, depends mainly on the latter laving for (heir 
functions ishou impaise sequence which proceed feuleady 
withoat any further comtrot Intelligent animale require 
schemata in onde to form the corect fonctions and maintain 
theae by their contr 

Before every single action, even in the case of a harman 
Ding, the impelvesequence for the function oust be there 
randy and prepared, When this begins te come into play, 
‘oy controling sehewa strikes up along with i and atthe mame 
rate, and 0 brings the functioning to our oonsciowaneas, Wa 
‘aru informed of every deviation from the normal function, 

Since in ourselves the fonctions undoubtedly have to be 
learnt, we are apt to assume that they rust somehow have 
fixed themselves in the framework of the nervous connections 
in the brain, And this might be the rexsoo why we ere not 
conaelous of thes, 

‘Tals fe an open question. It is f considerable impart- 
ance, because the anewer to it meane neither mace nor Tees 
‘dan the recugnition of con-physical natural factors in tha 
‘working of the body. 

Traay admit that the entire work is appearance, and that 
the things fn it are composed of my senseaigns + schemata, 
‘and yet this does not force me to assure that the forms of 
‘movement obzerved in the world are directed by anything bat 
causaity and the oonformity with plan that resides in the 
framework of implements. Tam oblige, thea, to assume aso 
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‘hat the impolse-sequencey are in some way oc ather 6d 
down in the brain by nervous stractare 

‘This way of regarding the world rednces man to « machine, 
endowed by chance with consciousness, while all other snimals 
fare abie to get lang quite well withore it 

Instinct would find no place either, and, in spite of the 
nen-demonsrabie nervous organisation, would have to be 
interpreted at w highly complicated reflex action 

tal depeade oa whether we can explain the if of ankmale 
toy the presence of a framework conformable with plat at 
analogous to that of a machioe We shalt deal with this 
more fully Iter on. 


Tt is a remarkable fact that, wile the amertion that a 
‘machine may be regarded as lving organiam excites general 
‘contradiction, the oppoaite assertion, Le. that we may oom- 
pare living beings with machines, finds many supporters, 
‘The contradiction in this becomes lus abvions if we expen 
the two statements in another way. From the statement 

‘machines have the propertica of the living." swe shall at 
‘once dient ; on the other hand, the statement "Living 
beings have mechanics) properties" is certain to meet with 
general agreement. 

Tt sounds positively ridiculous to maintain that 2 loco 
motive with an optical apparatas is 2 kind of horse; but to 
compare a bore with a locomotive is very tempting 

‘Asa matter of fact, itis imporsibie to get at anima action 
fron the counter-sctions of implements, even by very caret 
selection and the most delicate interweavings. All counter 
‘actions, however complicated they are thoaght to he, have 
reference to a humax action, and comsequently remain de- 

‘To unite them inte an independent whol, wo uxt 
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abrays elect as the starting-point a kuman being with bis 
‘impulse sequences 

‘On the other hand, its quite reasonable to inguire whether 
‘we cannot resolve a fving organism into a number of inde 
pendent functions, which find their expression in the frame- 
‘work of the animal. 

Tt has been shown that vis method of analysis of an 
corganiam offers very considerable advantages, Indeed, com- 
‘parntive physiology maintains that we shonld ounsider every 
tnimal as a bundie of reflexes, work out each single reflex 
tre thoroughly, and then stady their common central oom 
nection. Only by this method can we succeed in demon- 
trating completely Ube mechanical properties undoubtedly 
present in the organism ; and this exceedingly important 
science we call physitogy. 

Hut every biclogist mast see that this does not complete 
the work of investigation, for a bundle of reflexes is not an 
fanienad, even if we being taco relation with is strorture all 
the chemical actions of the body, organised. as they are, ia 
{ull contorroity with plan 

Tn addition to mechanical, a living being also possesoe 
‘uper-uechanical capacities, giving it @ character which would 
stil be quite wale that of a machine, even if the parts 
of the machine were constructed with the same prrfction ap 
are exgans, and even if their counteractions were real actions, 
fe, were not referable to the action of @ human being. 

‘The tuper-mechanical powers of all organisms consist in 
this, that they include the activities exercised on machines by 
hhuman beings. They make the machine of their owa bodice 
themselves, they ran it themuelves, and they undectake all 
ts repairs 

AD) three of these supersmechanicd powers—the con- 
struction, the ramning of the mackine, and its repair—-eppear 
to be bound up with the existence of protoplasm, which 
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smathines do not possess. Every lving thing proceeds trom 
protoplasm ; traces of it remaiz in every cll, where it 
forms that part of the call which doce not pass over into the 
smechasical framework of the whole. And the protoplazm 29 
whole is kept in continuity throughout the body by mesma 
of fie connecting stands. 

‘The anatomically demonstrable existence of protoplasn 
permits ui to agmms a fundamental division between the 
‘mechanical framework and the protoplasmic uet that traverses 
the entire body, and to ascribe vo she letter all the soper- 
mechanical powers. 

‘When this separation is made, we raise that an organisa 
withoot Hs protoplasm cepreseas an ideal machine, This 
skiluly interwaven bandle of reflex-arcs, with its pertectly 
comatracted receptors and effectors, bes become an inde 
pendent machine, responding to the inéuences of the outee 
world by means of its own actions. Bot these actions are 
goite inalterable and automatic, and it is here that we toe 
emonstrated the most essential contrast between what it 
living and whet is deed. Tf, ix virtue ofits framework, 
renrure behaved physiologically lke a living organism, but 
nevertheless was withont protoplasm, we should be obliged 10 
ascribe it as dead. 





Protoplaam, a itis foand i al living calls from the germ> 
cell onwards, also pomesses 4 mechanical tcumewor, for it 
exhibits the fundamental mechanical actions of the living 
‘ocganiam ; itis capable of movement, metaboliam, ingestion 
of fond and 30 on. One of the chie things it does, ie. cell. 
division, requires, indeed, a very complicated mechanism, 

1 thin were all that we might expect of protoplesm, then 
‘ne shooid have init nothing more than another machine incor 
porated in the large ous. 
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‘But fortmately, Nature, when she crested the wnielhla 
animals, sich ac amoba and infveeians, which consist, 
rntiely or in main part, of protoplasm, has vouchsafed as 3 
slnnpn into itz sopermechanizal powers. Stody of amabe 
hax taught me two thingy—nt, that in order to cary out 
smechanical action, a mechanical apparatus must be present 
and second, that protoplasm bas the power to ge 08 creating 
‘the mechanicll apparatus anew and to beak it op 
qui, 

Stady of infucoians bas shown that these creatures, 
whose animal activity is carried out by pecmanent apparatan, 
still depend for their vegetative apparatas on pure prote- 
plasms activity, Their interior ail consists of fd proto- 
‘plasm, and this forms azound each particle of ingestat fo 
‘vacua, which fat becomes the mouth, then the stomach, 
then he intestine, and ally the exo 

Tn this case we sce that the impulsesequance of the 
Aunetions is presest ble the guns cxtclng the fanctons 
ace in any wy formed, and that the protoplasz has the power 
(of Gaping onrans in corrspoedence with this imple: 
sequence, 

"We sec the organs appear one after the other ia definite 
eqonnce ; snd eich, when its work és Gssbed, disappears 
sguio. Tn animala with a ied (amewock the organs a7 r= 
smanently pesent, and ia place of the sequeaoe in time there 
{a an anatomical connection. 

‘Toere in, then, & sowsoaterial order which Gest given 
to matter its framework —a rae of life. This rule appease 
nly when itis centng the framework ; asd this t forms ot 
strictly individual lines, corresponding 40 the material pro- 
pete of the protoplasmic animal concerned. 

Te Bike « lady, which controle the stquance of ound 
snd the rythm in ncordance with lew, bat becomes apparent 
anly a At becomes operative, und then takes on the tone. 
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colour which the propertice of the particular instruments 
Impose ca it. 

‘Theve are simple and cbvioes facts, und io no way nebuions 
eeries. And they give ut the bey to the bree above. 
‘mentioned actions of protoplasm in the higher animals— 
ceonstructon, runaing of the machine, and cepair. In all 
cases, vomething new is achieved; bot in accordance with 
an almady existing rule, and always with special elation to 
the properties of the organs, There ic sever evolution, but 
aways epigenesis. 

‘The concept of instinct having already shown us that we 
‘omst recognise {a the impulse-sequrace « natural fsctor lying 
‘outside the anatomical framework of the animal, « factar 
ich regulates the functioning, we sball now geek it in the 
‘protoplam itself, which universally obeys it, This factor doce 
ot seize upon the lramework in any onceyulated way, but 
‘with as great conformity to plan as do our impulserules 
(overning our own actions. 

Such an analogy yields us the frst bint as to the mature 
ofthis problematical factor, which resides ln all protoplasm 
and in its very exenea i a eae 


In this chapter, devoted to synthesis, we have seen how, 
by the help of schemata, the things of space take on material 
form; how, by the help of causality, objects, extended in 
tape, re comprehended as unities; and how, by the belp of 
confarmity with plan, implements arise, Furthermore, e 
have investigated conformity with plan, and we have found 
‘that itis always Dased epos a fanction. By tracing back our 
‘own actions, we bave referred fusction Itself to the impulse 
sequence, which comes to our consciousness indirectly throogh 
‘oar own qualities. 
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Finally, we have teen able to demonstrate that the 
Impusesequence also controls the activity of protepamm, 
and his shows fell to be an independent natral tors, 
causing thess t0 disappear sguin. Once the framework is 
there, the activity ean proceed automaticaly within its 
imi 

Bat sino the Jamawork is constructed by the impute: 
sequence in conformity with plan, tte actlon in the enter 
world is both is accerdance with plan and aso tomatic 

‘The quetinn concerning the exalocety with plan is the 
osiess of biog ; the question conse=ning the mechanical 
ring belongs to physic 


CHAPTER Y 
‘THE WORLD OF LIVING ORGANISMS 


[Now that ia a general way we have become clear as to the 
properties of living organisms, it matt be our task to in- 
vestigute the way in which these propertie work. 

Every animal's a subject, which, in virtue of the structure 
peculiar to it, selects stimli from the general influences af 
the ouler world, and to these il responds in a certain way. 
‘These responses, ic their turn, consist of certain effects on the 
‘outer world, and these again infseace the stimuli, Im this 
‘way there aries a siltcontained periodic eyee, which we 
say call the fecion-irls of the anizal. 

‘The funetion-cieles of the various animale coantet up 
‘with oae another in the most various ways, and together fora 
‘the fumction-wora of living organisms, within which plants 
are inchded. For each individual animal, however, its 
Tunetion-ircles consticute « worid by themeeives, within 
‘which Ie lead its existence in complete isclation. 

Let us now proceed to mzalyve this tascticn-world inte 
its parts. The sum of the stimall aBecting an snimel formas 
world in itll. The stimali, considered in connection with 
the Runetion-circe os a whole, form certais. indications, 
‘which enable the animal to guide its movements, umich as 
‘the signe at sea enable the saler t0 steer hin ship. I call 
dun gum of the indications the wori-ae-somsed, 

‘The animal itsetl, by the very fact of exercising such 
‘ivectin, creates a world for itself, which T shall eall the 
nner world. 
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‘The actions directed by the animal towards the outer 
‘world produce the thicd world the word of action. 

World of action and world-asccased together make a 
comprehensive whole, which I call the snrronnding-world. 

‘The entire function-cicle foemod from inner wodld and 
surrounding-werkd (the latter divisible into world of action 
‘and workd-as-genged) consticates a whale which is ball ia con 
formity with plas, for each part belongs to the others, and 
nothing is let over to chance. 

this circie i interrupted at any point whatsoever, the 
‘existence of the animal i ixperlled 

1 is net ponsibie to write the biology of an animal unless 
‘one hes first studied its function-izele from every side. 
However diferent they may be, all parts of it are equally 
Important. When we ge on to stody the various parts i 
‘etall, this continuity of the complete whole must never be 
Tent sight of. 


Just as we broke up the function-circle imto sectors, 10 
‘we proceed to divide wp the totality of function-ircles into 
‘separate circles or cirdegroups, whict, Diclgically coos 
‘Aldered, are absolutely distinct from one another. 

‘The Gra is the circle of the madives, This circle is charac- 
tersed by the fact that the modem fell exerts n9 stimelus 
(00 the anirual; while om the other Band, if the animal (oeakes 
‘the mediam, a stimulas is immediately released, which results 
‘0 the animal's being guided back into it, Accordingly, the 
‘tedium {ago constitoted that in itself It posseves no indica 
tian oa which the anita) can seize; the water does not 
inftoence the fab, but the air does as soon as the fsh comes 
‘to the surface, Conversely, for the animal living in the air, 
‘he water ie a stimulua, bot the air is not. Animals are able 
‘to lve oxly ia water ov ia ais; even when they live under 
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round, there must be some connectian established with ane 
ot other of these media. 

‘The ground and alt fixed bodies always constitute obstruc- 
tioas in the iediam, and consequently act as indications, 
So most animals are famished with organs of looamation for 
iilting over these obstades, while only x amall propertion 
Ihave organs serving for movement in the free media of air 
on water, 

In many cases, the median is spatially restricted by 
special indications which fix the animal to a definite Aabilf, 
‘Ths foe gastropods and crustaceans, and also for inwects, 
‘dark and hight surfaces give signa which imBuence them in 
their coarae. In addition, there ial in the bilateral animals 
an unequal development of the two sides, which favours 
‘ovement in ciel. 

In addition to the function-circie of the medium, we can 
istingulsh the function-cirtes of food and of the mony. 
1m both eaves, the animal receives a stimalun proceeding 
from the indicatioas of the food (be it of animal or vegetable 
ature), o© fora those of the enezny, which latter is always, 
with almost negligible exceptions, an animal. Following oa 
the food stimmus, movernent is tran ia the direction of the 
‘ood, and thea, when contact is established, fresh indications, 
tactile or chemical, come in, whic yeem to guide the mesti- 
‘atory epparatas, At this point a mumber of circles alten 
‘appear, which belong 10 the food circle, Following oa the 
coemy stimatcs, the organs of locomotion are directed (o Jead 
‘the antmal away from the enemy, or else the organs of defence 
‘are directed to drive lt away. In both cates the eneany- 
indications dsappezt. 

x many cates, ab amneog the crattaceens, the function 
crela of the enemy pases through the eyes, and the fonction 
ince of food throug’ the olfactory crgans. 

‘As fourth tunction-cirele there in the eessel, which 
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‘principle is lke the food-cace, only that what is set in 
activity by the animal's “coateo!’” is not the feeding 
fapparatas, but the apparatus of sex. 

‘All the circles, however far they li separnted from ove 
sunother in the worttas-eensed, intersect in the steering: 
‘apparatus of the inner world, and then seperate from one 
another again in the workd of actioo. 

Biologic) treatment of the tumction-<ieles requires that 
tre alo conser from the point of view of conformity with 
plan that part of the circle which goes on outside the body 
a the survounding-warld, We sre sccustomed 10 treat 
things tying outside the subject accorting to the rules of 
‘causality alone, But by so doing we are not taking soooant 
of the biological framework, which is coextensive with the 
‘whale circle 

Let us suppose that we with 10 construct a complete 
mechanical Rnnetion-circe. Suppose, for instance, thet we 
fnmnish an sutomatic locomotive with <x optical apparatus 
‘capable of stimalation by the indications of red and green 
railway signals, and thas afiecting the steering of the engiae ; 
‘we should be obliged to construct the surrounding-world— 
in this eave the rawayserack—in an exact conformity with 
plan as the engize itue. 

‘Now animals are oo auch part and parce of Noture that 
‘even the surrounding.world works writhin the whole Like a 
‘part constructed in conformity with plan. 

‘Wa may aasome that where there is foot, there is also 
8 path; where there isu mouth, there is also food ; where 
‘there is a weapon, there is also a3 exemy. 

‘Tals last Instance exprenses a fact olten misunderstood, 
‘amely, that stragyle belongs to the universal plan. in 
‘opposition to what the Dareielan theory assures, the 
struggle for existence Is not merely one cause in the causal 
seties, but an essential part of the general plan of Ie, 

1 
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Ie ta not ealy the eretres with weapons, bat alo the 
Aelencanes ones, that are invalved in the struggle. Their 
protection lies ether iz their ifiness or in ther umber, 
‘Te mont striking instance of this that ay more og are 
1aid than young are hatched, inex tbe great proportion of 
eg: oe sways sacifced 10 eommina. Hime we sot dearly 
hat a new sort of conformity with plan comes Sn, which 
hitherto we have nat considered ; this is conformity with plan 
tm the part ofthe species of which we nal! have more to say 
Inter on. 

ut Gat we mast couse curcives with conformity 
‘with plan an the part of the invita, 

‘Que thing has bocoow evident from our treatment of the 
problem up to this point, Le. that biology ie concerned only 
‘wit conformity with plan, and that the stody of canality 
‘omen into the qoetin only iso far ast contributes to that 
Inveatgation, All the tings that play prt in th function 
sire of ut animal we coatder ealy trot the point of view 
‘of function. This means that we have to do exclasively with 
Implants and axver with objects, The stone that x beetle 
dima over is mely a beeUe-path, and doce not ia any 
‘way deloag to the science ef migeralogy. Tea wright acd ity 
stern properties, nach ns atomic weight o chemical valency, 
are for ua matters of indifiamnce. The are all of them 
sccompanying propetica, which we owy ovesook. ace we 
sre interested only in che leading propertin of the form and 
Iardnes of the stone. 

Inthe boty ef the sabject, physical and chemical cammality 
plays a muck more important past, becuse bere the air 
tinction between lading and accompanying properties di 
sppears, He all tbe material properties are coxsprebended in 
‘he framework of the living onpcism. And so, when we are 
trying to grasp the chemisry or the piyutcal propetin of an 
animal, we are certs of meeting with a Uteproperty ; but 
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f& i the imerplation Into the funetioncrie of the pro- 
eres discovered that completes the phyucogical activity, 
ven the aumerons solutions of meciasial peers with 
which the animal frsahes ot fran itr work of action ave 
‘biological significance only as links in the chain of function, 

‘As we travere a fancoe-cede, we re abuaatly onan 
(ae all the thos we shalt come epo0 Kea eengementn 
cexprening design ; bet we have no conidease whatever 
Cha we shal anytere light 06 « mechanical aangeect. 
‘We have alrady leart that protoplast called cn to play 
4 part that isnot only csatormable with pte, bat abo upc 
techanial 

[Now since conformity with plan ¢ the supreme aw, not 
only for material things bet abi for the promace of 
the miod fof which apperoepton i the direct expremicn), 
many investigator are incned to tranier fom physiology 
to paycology, ad from the ody tothe mind of the anima, 
{he glance according to Plan which constitutes the ain 
activity of the inner work. 

“Thee is one exetial objection to tis, and i is that we 
ae trying to treat the whe faction wot of the tial 
nde investigation as oar own experience, xed not an the 
tnperieace of the ania They afe ow indications which 
te alfecting the animal. tis we who observ the guidence 
Given, Te is our apperception which eeognises the plz. 
i we tied to change the plat a view seidenly x08 lok 
ft tbings fom the animal's mind, we shoul lon the inter 
soonetion of the appearances ob which for ms it prkzarily 
depends, We shook) mddenly find ourselvm surrounded 
ty the animal's sppenrnen, which Rave Bo concen with 
oar own. For the unity of appearances depands solly oa 
‘he anly of our own appeception. 

ts another quastion wheter the apperoeption of another 
ccunfure cam express Kiet as a objove nator factor 
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‘im out appearance-world. Dries has anewernd this quastion 
in the afirmative. As soon a5 it boenmes a natural factor, 
be calls this other apperception a fryehoid, ia onder to avoid 
the perpetual confusion of the other payche with oar ows. 
Ascarting to Driaeh, to whom we are indebted forthe change 
of trend in modars bislogical theary, the peytbe of the 
obuerver, when it Investigates another subject, encounters 
the actions of the prychold. Aad these thea enter fata the 
‘unctinn-cieces a6 aspermechasical factors, 
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‘There are annals, s0ch as the sponges, which are seden- 
try, wed in vitue of their bodily constitetion, uaustilble 
tod for these animale a sage indication sullces, They 
cannot Jeave their medium, and they poustss a0 stovable 
‘wmapons, They siaply cast their sexsal products adit 
Consequently they lack three of the function-cines which 
require a special guidance and special indlatioon, The foe 
cece ia the ooly oae they have. But the food does not give 
rian to an indication, for itis whisled throughs the body with 
‘the seu-watar, and cared off by the digesting-cas. Harm 
fol substances all have the same indication; ackla, foe 
Jastanee, exert a chemical stim, sand grains, « mechani 
(hese stint are ot ditinguinbed from ons another by the 
anima, but all call forth the sue cele. Thet is to my, 
there is only one single indication in Ube semned ort of tha 
sponge. 

Foe the fofuerian Paramecium, the sume indication 
antics lor the circle of the mediam and for that of the £0 
for aX the stimali that proceed from the various objects the 
animal may meet with as it swica ceatelaly to and to, 
‘provoke it to shift the helm. ast were, and to hasten of gain 
( nnother dzsction. The only things that 40 not produce 
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stimulus are the bacteria of puttefaction, which form the 
areatere's food. Beside these the restlem infuncrian takes 
‘anchor, When # touches these (sconnd indicatios), even aver 
‘a slighty, it stops the movements ofits locomotor cilia, and, 
by means of the cilia roané the mouth, drives the food into 
ts uid inteic, 

‘The enemy-cirle has a special indication, for the in 
tusorian, when attacked by its exemy—e. Didinsums nasuhs 
fires all a sort of gelatinous dinchange. There it alo an 
Indication belonging to the sexual circle, which initiates 
copatation, 

For further examples, I refer the reader to my book 
Unvalt und tnmeraett der Tier. 1 sball menthon only the 
mollusc, Paclen jacobews, which has eyes that receive ay 
Indication the slow movement of all sorts of objects, but 
‘ves no active respanse to any of these pictorial impressions, 


sTiqutvy—neocenion—guaurry 


From the examples quoted, it must be clear that etimalia 
nd indication are not identical concept, although ey use 
soplied to the same qualities 

‘Only if we bear in mind wiserein the three modes of 
Vewtigation--Le. the physiological, the biological, and the 
prychological—difer fom exe mother, shall we understand 
how to apply thete three elementary cencepts correctly {9 
cach cane. 

in the process of investigation, the physilogst and the 
ologiat take up the sass attitude, fr they casi them- 
selves ax obuacvers external to what they observe. They 
have beloce thes: an chject and an animal; they both 
study the influence which the object exerts on the animal 
Bat the plysslogist inretigntes the causal connection, and 
‘he biclogiet its conformity wich plo. As a consequence, 
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‘the physiologist follows, on its peth through space, the effect 
proceeding from (he object. In studying an animal, he will 
‘trace the aicwaves to the ea, and there observe thelr trans- 
formation into vecvous excitation ; ix Bke manner, be will 
follow a lightray as ax etheric wave to the eye, investigate 
‘refraction by the optical media, note the production of 
‘oaages om the retia, and discover the chemical] traneformation 
‘nto nervous excitation that takes pice io the rods and 
‘cones. In the same way, he will follow the chemically active 
articles in the media of air and water as far as the amell- 
receptors, and their effect 0a the nerve-endings of the olfac- 
tory nerves, And so he will deal with the other sense 


In the course of this study it becomes evident that, out- 
‘ie the aalmal under observation, sumerous intvences pro- 
‘ceed from the object that are not taken up, becanse « cetain 
Intensity of the external indveace is regulced if a nerve Is 10 
‘be excited. Physical and chemical proceeen i the outer 
‘world nvuat exceed a certain threubeld if they are to act as 
imads affecting the nervous vystem of tbe animal. This 
‘ethold can be raised oc lowered by special means in the 
snimnl’s nervous system. Moreover, by their anatomical 
structure, the reoxptors are obliged to admit oaly those 
staal that are ruta for them. 

By the structure of ity receptors, every animal ix ent off 
from a great mumber of pbyzical and chemical inloences 
‘coming from the outer ward, and it is only through atimull 
dt the outer workd gets in tach with the nervons ryetem, 

Mf we take the anatomical structare of the receptors as 
‘sven, this whole process caz be investigated by purely 
physical and chemical methods, and that is fost what poyii- 
‘logy bas to do. 

‘When an animal meets with diferent acim, the physi 
clogiet wil be faced to atgume that these make diferent 
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imprerons on the aninal, and provoke it to diferent me 
sponses, Likewise he wil stearic thet the sare etimulay 
sabe the same ispresion oc the animal, and cits forth the 
same respanse 

Neither of these asseruptions fs correct, As we have 
sen, diferent tims, procening from the mort variou 

jecty, prodace the same response in Paramacium. And 
the mme timaluman siswave, for Ssstance—prodaces a 
siterens eect when it strikes te skin of «man froma what it 
oe when i reicen hia eae: in the one case, we speak of 
vibration, inthe other, of sand. 

For the biological study ofan ania, hereto, lmowleign 
of the sin f net eoough. Yet ancther factor rut be 
sagt in cde to explain why the animal chould give the 
same respotee. I shall cll this facto an indication 

‘The indication is not a physiological factor like the 
stlmals, bat a biological factor Bich we deduce fom the 
shima's reponse. TE cannot, however, be constrcted from 
the simi alec, became its formation depend onthe animal 
inne, and because i cannot be andertond at all withont 
Anowiedge of the means that the anical employs for that 
foraation. 

"AS soon as we ae dealing withthe ioner procemes of the 
animal, the peycholeglst comes slong al redy with his ame 
tion that we mnt take account of the prychic qualte, 
‘Again we most insist that the biclgist, tka the physiologist 
tnd the physicist, cannot admit such x change af rand. 
point without deserting his scicnon. Tin doer not mean, 
however, that he should give up the critical judgment which 
should he his {a viztoe of his position as observer. Tn this 
sense, the Biolog is also « paycbologit, beceute any event 
‘that comes to his knowledge tskes place in hie world, and 
‘hat world is blt up of his subjetive sensations. 

Tt ta not porsble ven for the Biclogist to tanater the 
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event cbucrved by him (es in the case ofan azimal infeed 
‘by an extemal cbjct) outside the frame created by his own 
subjectivity, “He & ahrays dealing with events that take 
‘place in his space and in his te end with his qualities 

Tost as we refered physico-chemical proccses to our om 
‘quilts, so we can never treat tialgical proceses otherwise 
‘dan on this bas 

ewe consider the proces, uch a9 an implant ifivenc- 
ing an anion ix the direction its movement takes, we must 
fiat and foremost analyse the implement by breaking it up 
into ts peopertes and Joking for its eof function, so as 
‘to dace which ofthe properties verves Ube ania os indla- 
tion, o whether a fenctionrale beloaging to the animal ital 
is employed in that way. Thus our research is everywhere 
Aimited by our own qualities and capacities, 

‘We can indeed show that Paramecium docs not use 8 
fonction sue as indication, ad ence has 0 implements it 
its senoedoworkL We can show that it does not ase outlines 
«indications, and so bas neither objects oor material things 
fn its senaedworld. Further, we can show that the most 
verse properties which for us form very diferent quate, 
fuse into one single indication; bot what qualities this forms 
fn the mind of Parasseciom pases cor comprehension, As 
Viologiste we can avoid these unanswerable questions, sinse 
‘oar inquiry ls not directed towards the content of the varios 
qualities or sark-signs, but only towards their employment 
1s indications 

‘Thin tank develving on the indications is clearly ix. 
‘ngainhable from thet of the stimuli and of the qualities, 
‘und thus ansumes « cattral postion in biology, which rakes 
itnocemary torus to discs detail the theory of indications, 
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‘The starting-potnt for an understanding of every theory 
of indications 1s the fact that every impression an animal 
experiences (6 both fundamentally like and fundamentally 
‘unlike al other impressions. 

‘Tals seemingly very contradictory fact is baved on the 
folowing arrangement, which is « tondameotal one for all 
animals, Every stimules meeting an animal is transformed 
‘everywhere in the body into the same mervous excitation: 
in thus far, all kmprestions received by ac animal ars essen 
tally lke one another. On the other hand, all the stimu the 
‘olnt of entry of which is removed by so much asthe diameter 
cf ove call from the nest point of entry, are taken up and ied 
away by other nerves: insofar all the impressions thet 
‘an animal receives are esentally difceent from ove another. 

‘By making te in various ways ofthese two contradictory 
possibilities, the organisation of the animal is, ia prindple, 
at liberty to convert every conceivable combination of impres- 
sions into indications. Fer instance, it may make all the 
‘eceptor nerves van together to form a network, and then 
all the differences trought aboot by the provnce of diferent 
wmerves ame lost. In soch a cave, all the impressions vill 
Aetiver tbe same indication, 

On the other hand, itis open to the organisation to pre- 
swerve the individuality of the various nerve-persons, and to 
‘employ hem in combination ix accordance with plan ; then 
‘we get numerous and complicated imtications produced, 

From which we perceive that the mamber of indications 
sand thelr composition are the business of the organisation 
cof he animal subject. 

Tt Je important to make some soet of pleture af this 
‘organisation, which, thongh only appreximate, shall sufice 
ce the chief requirements. It ia characteristic ofthe animal's 
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cqasisntion as 0 whale that it consists of al the functional 
nits whieh we call gana. These are divided up into sub 
sidiary organs, oa which devlve the exerci ef part-functiosa, 
‘while collectively thay carry out the function af the whole, 
The the receptor merves thove which recive will wad 
coaduct excita) all form separate par-organs, hick 
pen jato another orgaa, the nervors network foe colncting 
stimulation. This network, cn is part, sends out iatrae 
caatral fibres fo the motor argans af the nervous sytem 

The partonguns collectively frm a coved ongas, which, 
fn vir of ts function, we may cll a marhorgan, since its 
duty ja bo crete the indications chat are of importanes to 
(hw ania 

1 the mart-ergan embrace the entre central network of 
Atl the receptce nerves, the nia bas only one single inden 
Aion this inthe case with the Jower animals. 

To higher anima, where the mack-organ includes the 
receptor neces in the mor varios combicatons, the same 
Tecepor nerves can enter nto enanection with different nerve 
networks, ‘Then diferent indications in the outer world 
exhibit certain similar properties 
ly the seask-ogars owy serve to uate into one 
Indleation, not merely simultaneoss impreslons, but imped: 
sions received at different times. And thie i a super. 
mechanical facty, 

Ta animals that are tte cectraised, such ay the seu 
urchin, the markorgans cobeace withoat distinction the 
localised nerves lying aloogside one ancther; in such « e238, 
the indications are separated frac: one antber ony by spece. 
Jn the higher animals, with highly developed senee-orgns, 
fe organs foe te indicatins recive nerves, the local grossing 
of hich retains it specie iercbilty. Tp such cases, the 
{ndleatina dies from one another 28 regarda content 

Even f we bad very exact knowledge cooceraing the 
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sark-orguns of 23 animal, end could determine the indications 
‘elongng toi, yet all we could say for certain would be— 
‘This animal aes the mits Uetwees the qualities in the way 
we do, or in m different way from what we do.” But as to 
the qoulites themselves, we could state noting furtbee, An 
outside obyervar an never dos for that would require bis 
belag able ta get side the mind of Ue aaa ite 

‘Now ia the great majority of cases we are in complete 
ignorance concecaing the mark-organs of animals, and are 
compaed to deduce these com the indications to which the 
salmale ract. The indications Guat me study in this way 
sve equipped with oar hasan qualities, and there ix nothing 
foc ws to do bt to ave them just as they are. But we shall 
fall into the cradest sort of tar if we have ot lerat to 
analyse the objects that we observe in their eect on animal 
so thoroughly that we are ia a positon to treat the qualities 
1 independent factors. Far i flows from what we have 
been saying. that every imprecion of every object is analysed 
down to its nest detail at the periphery of the animal, by 
boing taken up into countleas merve-persas aad itis only 
afterwards, in the mark-rgan, that synthesis occur, And 
{or this ayntheis there are varions rales, which we cum teat 
nly by comparing them with the rol knows to is from 
the ay in which our own ineplements are composat. 

‘Now suddenly we soe why it i that we casnot amit feom 
alogy the study ofthe theory of lnowledge. oe this alone 
teaches ut to redace one hums indicationn to the simplest 
tactors, and then to combine them ooo mort, 

‘All cplement a eke worl are really nothiog but man 
{ntkations, if we want to study thow of animals, we rout 
tow the fusdarental factor of which the unas cues are 
componed, and by what roles this comparition tee place, 

‘Anything leis aheer amateurishoest 

‘To aacertaia ourectly what are an animal’ Indications 
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‘equices considerable eID in obeervation ead experiment ; 
Dut the most isrportant thing Is to formulate the questioa 
rightly, and this can conte only fom 2 suficient knowledge of 
the basie problems. 


‘As mou as outlines of bodice sppeac a2 indications, the 
‘picture presented by the world-axsesaed alters fundamentally, 
ow now juxtaposition a space begins to become moce and 
‘iore important. It trve that in the lower animals wc as 
‘au-urchins and molluscs, a stimalus coming from ¢he lft is 
reapooded fo otherwise than exe coming from the right, for, 
in the one instance, tha effector organs of the right side of the 
body respon and, in the other, thay of the left side. 

‘Bot the indication itvetf remains the sume, and in its 
‘composition shows no sort cf spatial diteentiatin, Only 
‘when spatial distinctioas appear in the indication itself, can 
wwe speak of a higher grade of sensed-world. The eyes of 
ingects have the power of transerring to the central nervous 
‘tem in a schematic form defnite spatial arrangements of 
the pictures appearing on their retina, to which we shall 
1efer when dealing with the inner world of animals, For tbe 
stedy of the world-assensed it is eufiient to determine what 
‘sort of utines an in what degree of exactness, are employed 
su indleations 

Ht is worth noting that, ia an insect, cattinas are not 
wept by glancing movenents of the eyt, but by a stationary 
cetina, ts very dficalt for as to determine in bow far out 
ye, when stationary, estimates outlines. In any cage, whan 
‘he ratina ia vot moving, # deals only with suctaces, and not 
swith slid bodies 

{in very important, but very dificult, to vet about these 
‘expeviowent sith animals a really critical spt. We are 
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Drought to a standetll at the very oolset. It should be 
emmphasited, however, that the Germans are the only invest- 
[ators whe have remained conscious of the dificulty of their 
(uak, The experiments by Americans are far too crude to be 
taken seriously. Tt is far from obvious why a triangle or» 
ince ahold serve as the basis of the fest experimmts to 
eerie form-pereeptioe ix an animal toch an 8 bee, which 
has to distinguish the catices of Bowers; and, as Fritsch has 
pointed out, this poiats to 2 complete misundesstanding of 
the biological problems. 

Investigation of indications can be suctesful only when we 
bbave analysed the various responses of an animal within the 
setting of ies normal ite, for the difference fa reaponge nord 
(the most reliable clue to the dilerences between indications. 

‘The circle and the trlangle are symbols from plane 
rometry, which are constructed fom our subjective 
rectioutigns; and they have nothing to do with the 
owalbly recogalubie outlines of the objects that are of 
Importance for certain function-cicces of certain animal, 
and there find application as indications, 

It it is important for an insect te be able to recognise 
4 certain enemy a long way of, it may be that the outline 
of thia enemy aloae serves as indication, and thet ap other 
Cutline ia the workd would to serve, although to us it might 
appear nmch simpler. 

‘Wa mast note, bowevec, that the surenest with which 
ying insects avoid twigs ad leaves does sot at all inrply 
‘at tht outliom of these serve as indications, Whatever 
form they prevent, they one and all act merely aa the same 
indication, samety, on obetacte. 

IL we want to pot reliable information concerning form 
‘perorption, we mart start from the formsigaz and colour 
ars of the objects that are the animal's prey oF eonmies, 
or fromm thoes sgas in the males at the breeding-seuson, Far 
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‘nly in soch cases do we get an unequivocal reponse through 
‘the special reactions of the animal. 

‘As has alceaty been pointed out, it s not at all necessary 
tut the indications of an sximal should reach the same 
bight in each ofits function-ciries, 

‘As uxt, the enemy-ciscie 2 mere movement will er, 
whereas in the prey-cirde even the ootlines may have this 
value, The disputes between investigators hitherto depend 
0 this diferencr, soma maintaining that colours exist in the 
‘sensed world ofthe lower aximals, and others saying that tary 
do wot 

‘Amoag the Crustaces, the indications of the prey-circle 
seem to be of a purely chemical mature, while thove of the 
‘vemy-cirle are optical 

‘The world-assensed undergoes ex important enlargement 
‘when indications appear for the movements of the animal's 
‘veo limba. It is oaly assong vertebrates that sesiory nerves 
thave been demonstrated with certainty is the muscles. And 
it in only when nerves of this kind appear that we can speak 
of a nrw function-ciree, paming through the axisnal's own 
body. 

‘From experiments on vertebrates in which the sensory 
roots af the spinal cord eve been severed, we know some: 
‘thing abont this function-circe. There can be ne doubt 
that it is only when the animal's oma body in movement 
becomes an indication that a sharp line can be drawn in the 
world-aesensed between the pubjeet and the outside world. 
‘Thi separation of the two is quite lacking in the lower 
animals; their own sabject as no indications, for, as we 
shall see later on, in dealing with the lower animals even 
‘pain mast be ruled out 

‘The highest grade of worldassensed is reached when 
‘mplemmnts thenlves become indications, Uaiortunataly, 
the Americas wotkans who have taken xp this qoertion have 
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aot thought things out om saficiently Uoeoretica! tines; and 
‘consequentiy the rewlls they bave achieved have no value 
at all, Who, having the slightest idea of what an implement 
in, wonld straightway proceed to the trardest problem of al, 
tnd confront an animal with oxe designed for man's own use ? 

‘Aa implement ia formed by a human function-ule, which 
‘combines the most various seusequaites into a maity. How 
‘oan an animal in any way take wp an implement as an indica 
tion, ifthe functionrale is not its own but the observer's? 

‘To presume the existence of implements in the sensed 
sworkd of an animal suppoges that the animal has the power 
0 form its own function-rues for what it does, For this, 
fartly, its own movements must be turmed to account as 
IndicaLens, and, secondly, they most be cxembined by rales 
{nto definite actions. Only then may one assume that this 
‘le connects with other indieations, ead lorms the implement, 

W, for ingtance, we pot a ladder in front af a monkey 
that Inows its ow: movements very wall, and) whose move 
sents have been compacted into actions, and the monkey 
limba up the ladder, we may anourae that for the mookey 
the ladder has become an implement for climbing on though 
‘even so, not a ladder in the human sense, for the climbing 
‘Of mankeys it quite diferent from the climbing of men, 
Bot if the monkey is controated with 2 door-bat of a doar 
latch, how can it form this implement at al? For it kzows 
ino concerted actions for docr-opening, and #0 cam have no 
le for this action. 

‘But evan where there are unled actions, the connection 
of ther fanction alee with the indications remains an exceed 
ingly diffcalt problem. Tae connection seems to Be easlst 
‘between the furctionsules and the mediom, which as 
‘practically no Indications, We can imagine that for a fish 
‘water, ab what can be swam in, becomes fhe pare expression 
tf the fanetion-rale ; this rule coamecta with the indications 


oy ‘THEORETICAL BIOLOGY 


thareby formed, only Uagh the iatusace of the walt 
prvorare on the Interab-ine argue, and these indications 
cacrenpoud to our qualita of dausity. But it fs que wn 
cota whether a ch belngs to i auckrgua is axy sort 
cf foam the fanctioa-rale that gover ity ewinuning 
uryumeat. 

“This tie Geld awaits exploration, But itis extreely 
important that the road to true ksowiedge should not be 
lodked by arbitrary experiment ané anatewish formlation 
cf the probes. 

Foctunately, Koehler bas succeeded in showing that 2 
sinmpaasee which sis banana iying oo the Car sida of the 
bar of ts cage and out of ts reach, will wea stick ying ab 
Sand to pull the Banana sear. Ifthe stick i taken away, 
the ape wil we any mevable object that it cam pash trongh 
the bat, ix order to accuré the sit. The form, ealour and 
comsbtescy of the thing Ut wes Ie matter of indifierence; 
‘the only consideration is the poubilty a its ficcy in doing 
what is zoyired of it. So here aso the fuzction forms the 
object. Kotler speaks, aw descriptive way, of » stick 
‘metamorphosis of a bundle of stray, of ano shoe and of 
tim tings of the kind. 

Later oo, te optical image ako comes fs to form nme. 
ments, when the ape pls the leaves afl « (wig fo order 10 
make it ook ik «tick 

Te is very interesting to find that at Sat the goal must 
‘ein view, if the stick in to be ued. F the sic as ebind 
‘the maukey, it wi not be wsed ia the fre et of experiment, 
‘As og os the monkey sou the banana, it does aot se¢ the 
‘Pick; nd couvenely, if ia looking at dhe tick, the banana 
<Gaappears trom bi eld of view, and with it goes the motive 
foc making « sick. Later on, the indication of the banana 
vfs the momentary imprenion, and the suck, whereent 
it be iin, is picked up and md. 
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Koehler lays special emphasis on the fact that every 
‘ction is to be grasped #3 2 unity, comprehensible as 4 whole 
‘only with reference to the sim. He went on to alter and to 
multiply the par-actions which make up the action as a whole. 
Hle made the monkey ase a short stick £0 draw a long stick 
towards itsalf belare ix could get st the banma. And bere 
‘came in the Limits of individual talent dependent on inherent 
didierencat, To use roy terminclogy, diferent monkeys had 
a their disposal diflcrent langths of inplse sequences, 

‘The question of“ inteigeace ” in monkeys, which Koehler 
cubes, goen far beyond the scope of binlogy. 


rd 


Pain forms ane of the most powerful indications. It in am 
indication of the subject's own body, and its chief duty Is 10 
prevent aetmtiatian So it imponea a strong check which 
shall prevent, in all cirounstances, the continmntion of any 
fnitinted action that is hurt to the body. 

‘This in especially necamary in the cate of carnivorous 
animals; rats, for inwtance, will immediately devour their 
‘own legs, if the vemsory necves to these have boea severed. 

Now i many animab © tendency to selfamutilation ix a 
fundarcental arrangement ix their organisation, serving to save 
the whole body by the sacrifice ot imperiled limbs. In such 
animals, the action of pain as a check to tha refer wool’ 
merely be an inconvenience, and so we say assume that itis 
ot there. 

‘Moreover, in some cases where there is no tendency to 
sf antilation, it can be shown directly that ther is no pain, 
for even whan the body is being injure there is no check 
set up, You can put the hind end of the big brown dragon- 
fy between its owa jaws, and see Low it proceeds to chew 
‘wp its own body. 

5 
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Most of the lower anizals are so contracted that they 
are aver in danger of injuring thelr owa odes, When that 
does not cccut, however, as i the sea-urchia, T have bees 
able to show that there is a special amangement, which I 
Inave callad endodermophily, and this takes the place of pain, 
‘The shin of theve animale sesetes a substance that peevents 
the normal telex of snapping by the pedicelaria. 

‘Acnebe are able to distinguish the peeudopodin of 
‘eie own body from those of other individaals. What this 
Aepeads on we cannot determine, The conditions art re- 
‘versed here from wbat they are in other animale, Since 
they have fo framework which can be injured by their eating 
themetves, it is quite in order for them to be perpetually 
ingesting their ow protoplaan. So that, in their case, pain 
‘woul make their very existence prcblematical, 

Pain onrtainly does not play the absolately senseless ole 
‘usually ascribed to it, of transforming the whale Biving werld 
into a vale of misery and fear. Pain is present oaly where 
there is a place fort in the plan of the orguaism, and where, 
pamequently, it is mesessary and uefa. 


‘TE DOTER WORLD. —THE PRYSTOLOGICAL PONT OP YEEW 


‘Whosoever tums from payehology or the theory of kam. 
ledge to the physiology of the central oervons system, will 
meet with very great dissppointsomt. Here he might bope to 
find light throwa on many ansclved pecbiews, for the organ, 
ut is generally supposed to serve ax intermediary between, 
the work of tha flea ad the work of the spit, ought surely 
ta dlispiny, at any cate io its fandasneste) features, tome 
resemblance to the apicitnal orpaniam which the pryshologat 
‘and the student of the theory of knowledge thinks be can 
recognise in the mind. On this comsideration the thacey of 
prychophysical parailotes was based, a cheory which was 
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supported by many eminent men; but the more the central 
‘ervous system is investigated, the lean are such hopes 
realised, We might at ast expect that the very marked 
centralisation which is expressed fa the apperorptive process 
of our ego, ahoalé be discoverable in the central apparatus 
of the body. 

stead of which, the investigator finds nothing but a 
_ruiding apparatos, which serves to connect the two " fronts 
of the body-~the one, the receptor, turned tomards the world> 
‘uesensed, and the other, the efector, towards the world of 
ction, 

In its main fecteres, the guiding apparatus Is the same 
{ora the loweat animals to the highest, Wheresocver qual- 
‘atively diderest still etect a= entry, we nd that their 
apeciic peculiarity is taken from them. Whethec an aire 
wave strikes (he ear, or an etheric wave the retina, the same 
transformation $s set going Im Doth caves, A excitation ts 
around, which passes along the nerves in waves, The Tength 
fund apeed of these waves may vary to a certain degree, but 
fundamentally the process is always the same. The various 
stimmall are not dittingulshed through diferent excitations is 
the nervous system, but by the " penton” of the nerves 
‘hough which they flow. We have already said something 
about this fundamental law of the servous system: i was 
Aiscovered by Jobaanes Maller, who made of it, ong with 
ail ita covliavien, the basis of comparative phyeiology of the 
‘ervodt ayetem, 

[Nervou excitation itself ls a procen hitherto unexplained, 
‘which reveale itaelf as lectrica? oncilltory waves om the 
guivanorseter, or as chemical waves of iblBar staining. 

‘Tha idea we got of it im these wags dots not mufice to 
give os general survey of the ay in which excitation 
‘operates in the eyatem as 2 whole ; so the physiogit must 
make we of 2 camct analogy, and trest the whole nervous 
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ystem a3 2 system of tubes in which alterations of prmgnre 
and quantity ae necesary. 

‘Thi tube ayater is expecially clomly Hated up with the 
‘musden: these are rooted into activity by the waves of 
‘xcltation in the nervous system, and the muscular excitation 
reacts again on the nervoes. Fer this parpose, each tausco- 
‘bre is connected witha moter-oente, which we may imagine 
42 & salfworking hydrectic apparatus, regulating both the 
seeaure and the quastity, end throughoot faithfully ebeet- 
Ing the condition of excitation of the masce obeying it, 
Ihave ealed theve centres rorrendtver, bcate thelr duty is 
to represent the maces ia the nervous system. 

‘We find the efector eounections betwors nervous system 
‘and suncies already peciectly developed inthe lowest animals, 
foc even these. theyaretolive, must have perectcomiso over 
‘the moveaients they perform, few and simple thosgh these be. 

Is the lower animals we Sind the representatives grouped 
round 4 simple neve aetwori, mhich bas socalled tone- 
‘exntres; these tonc-ornires are likewise automatic hydraulic 
apparatuses, controling the state of excitation of the muscule- 
‘ureaba whale. Into this central network fow the excitations 
coming fra the receptors 

If the central network i sot sobdivided, they all have. 
(de same effect on the representatives af the ascles, which, 
ccording to a very simple law, are set in vibration. The 
‘eeitation always ows along in the direction of the extended 
mane, and, ace most muscles aro constracted as palm of 
‘oppartes, which reciprocally extend ope anothes, the con- 
traction of the one muscle prodoces the exteasion of ite 
‘opparte, and so opens, a it were, the mateway forthe excita 
‘on to eater. And tna forward movement follows on 
cevay sina, 

‘As we ancend the ladder of the animal king, we notice 
‘at, st of all, ierentiaton sets cin the motor apparatna. 
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Portions of the central network are epi of, along with their 
centres which contol special groupe of representatives snd 
the muscles belooging to them, and these muscles comstitatn 
4 dafnite looometor apparatus controling 4 leg, an arm, 
wing, oe a fn. 

Tn cutteihes # can be shown that fe this way there 
tise highee and lower centeal motor apparatuses, of which 
the lower are aranged fom the point of view of postin, the 
Irigher tram that of function. Fa insects the activities of the 
tcverl limbs are completely governed by the centres directly 
coordinated with them ; and all that i efected by the sete 
sory part of the network ithe brain is the onset or cent 
ofthe movement 

Thy sensory network is gradually moved further forward 
to where the main receptors lie, which, excited by the till 
thay conve, gover the activity of the animal as & whole, 

Diterentiation of the semory necworic appears relatively 
Tate, In many case, 2 division canoes about szply by the 
rngions which belong to the vasous semso-orans separating 
foray from one another. In uch animals, the functico-cinle 
of the enemy exaploys other receptor and parte the seanoy 
tetwork than thove wed by the function ice of food 

‘Aa soon 28 oatlias serve the body indications, dtr 
entiation of the sensory part of the nervous system speeds 
fl. For now it ia waful voto combine quite definite sensory 
nerves ofthe eve, that their common or succeuive excitations 
10 linked up into & whole, which makes ite way into the 
‘viding mechanism 0 a new unity. 1 have called these 
ervous nities "anatomical schemata." beemae they do 
not give a complete refloction af the out in the axteraal 
sreld, bet merely « summary combination of ts wot izprt- 
ant parte, and ths witha degree of exectnes sitable forthe 
pertila axial 

‘The appearance of such schemata {5 the Bein is of tro. 
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fold importance. Fiely, it enriches the world-arsensod 
‘withthe things of space; end seccedly, it permis th animal, 
3 000 as the Avot opal ndieatons sound ia the manner 
duructertic for the scheme, to fora the whole achema, 
aud in this may to recone the preente of, my, an enemy, 
when the enn i only partly vst 

a the lower animals, the whole stimahis forming the 
‘indication mst get going, wheres, when there ar whem 
aly the opening notes need sound forthe whole sche 10 
fet as indleation. In this way, the schemata acquire a high 
lqree of independence in the steering toechasia. The 
animal no longer fees belore te diet stimahis of the enexy 
it no loage i dreuy incited to sek ite prey; but it Bees 
feom and seeks forthe schomata a these 

Up to tRs poiot the guiding apparatus in the brain can 
row be traced with sacs cetainty. All couchesions that ¢0 
‘peyond this point leave the drm buss of fact. Fox instance, 
‘8 isnot yet powsibie to decide whether the law of the come 
lermentry eft of colors is referable toa special arange- 
‘ment in the retina otto a special intrlcing of the receptor 
ervesin the bal, or whether it doesnot clude a mechanical 
interpretation altogether. We have buen able to establish 
only this much—that we axe dealing with a law belooging 
to the subject alone, and completely independest af the 
reciprocal action of the tinal ia space 

Tn dition othe anatomical ramework characterising the 
(2iding apparatus of the tein, we mut also take account ol 
the besin's chemical framework We can compare the ects 
of thy vestra nervous system oe the meyiesof the body 
‘with 2 typewriter, in which the striking of euch key relesey 
 cerein eter, We get the ame thing on tbe cecal vide, 
‘when we furnish the exile we want to afect with « specic 
chemical mibatance ‘hat will combine with only ene other 
speci subetanee. 
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In this way, after the coe speciic substance has bea 
lormed at some pact of the body, 9 certain cll at the otber 
end of the body, ean, through the agency of the circulatory 
sytem, be rock as preciely es the letter of the alphabet 
on the typewriter. 

‘The part played in digetion by these substances cast Sato 
‘he biood-stream—the so-called" hormones "—has only quite 
recently been determined. Bot it has been know fora loog 
‘lie that the breathing movecnents of vertebrates are kept in 
full activity thanks to the stimulation of werve-ells in the 
central nerwous system by the chemical products of tisue- 
respiration 

Further, there can be no doabt that the completely 
ferent Behaviour of aniouls in the states of hunger and 
of satiety, is relerabie to change in the imitabitty of the 
central organs belooging to the footie, For a newly. 
fed shark a dead sardine siply is ant there, becuse in this 
condition the shark's stimulus threshald” is too high. Bot 
hunger lowers the stimules thresbeké, and then the sardine 
appears in the semsed-world ofthe shark. 

‘Steiaach’s remarkable experiments have shown what an 
Inococe iateraa! secretion exercacs on the whole sexu life 
of the higher animals, 

Ths purpose of this chemical organisation isto regulate 
thoroughly the guidance of the central nervous apparatus 
Visdvia of the infoence of the indications. Tn comparison 
‘wih thin, direct stimaation ofthe nervous system is relatively 
ngigble. For the ost part, only 2 kindof" chemical tonn 
in attained, which, in full costormicy with plan, provides 
‘hat, aconding to the needs of the body, one Junctice-cire 
shu find acceptance rather than another, by the indications 
‘hereot belog more powecful or aloce operative, Thus at 
the Iresding-scason the prey-csce, and even the eneimy- 
ire, yied to the sexaal circle, the indications of which 
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are then more potent than all others. This happens at the 
time when many animal put on theis bridal apparel, and 
the colout and patter of thelr deeat act on direction at 
echive indications 

But there are suany intances of revereal of the steering 
fgetr, in which thece in no prot that we ae dealing with « 
change of chemical tone. The best known example ip that 
of aleping und wakiog. Boh vas able to show that in se 
ssimmodes the ebb and fow persisted as internal change of 
tone after the smi bad been tranalerred tothe sl waters 
of the aquarium, The most renaziale example of one 
‘ingle change of tone in the year given by the palo worm, 
‘bic, atthe time of sexual maturity, and oo one predictable 
moonlight nigh, divides, and comes tothe surface of the 8. 

oth the anatomical part of the directing apparatvs 
(uch we esully call the relex appara, and whieh by 
analogy we understand as « racchaninm) and the chemkal 
tone apparatas (which from the mechanical point of yew 
re ace only just begining co understand) are the expresion 
of machine ike framework. 


[ME nioLOKicat. PoURT OF VIEW 


In contrast to physiology. biology considers the mani- 
festations of the central nervous system, not an proctstes 
going cn inside of apparatus, bot as processes within organs. 
Physiology concerns ise anly with the machisery inside 
the framework, which undoubtedly constitutes the great part 
cf the central mervons systers. Biclogy leo includes in ita 
oaslderation the protoplasm sot exiering into the frame~ 
‘work, which transforms apparates into organs. Protoplam. 
tas the important taxk of continuously regulating the frame 
‘work of the central necvous system, and of making good such 
injuries as ari. This superoechanical activity raises the 
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orgen to & higher level han mee appartsa, and endoms it 
‘with the peeatar property of ite. 

‘The fofality with which protoplasm, wherever {in 
a wort, sable (Improve and repair the framework, show 
that i Impubeseqeence cocesponds (0 a defaite cul, 
hich in this way governs the physicochemical promis 
‘We can peove that the supersmechanicalfactoe operative in 
protoplaar must bee ral, Bound indeed to a definite place in 
ace by the material with which it work, but in isl aper- 
spatial, sce i lopooes of the apatial arrangement of the 
Aramevor 

‘As we bave leamt fora protoplasmic animals that are as 
yet without framework, the regulated impulse sequecce active 
jn protoplase and crating the framework, is at the same 
tite a faction sale which compacts the separate movements 
{to an action. In exter to perform this action, as, fr 
dastance, inthe acton of digestion by Parameciom, framework 
rust be formed, whic, in secondante with the foncionrae, 
‘nes into being and then disappears again, and which, fll 
fn accordance with that same rule Kills the food, digas it, 
and sects the remains 

Where a permanent framewock has aries, as in the 
majority of Sving creatures, the formative ac 
‘le peruiats, and is exhibited in the super mechanical rogala- 
tioa and repair of injured pats. 

rom hi it flows that among difer from an apparatus 
Jn mot being the prodect of functioo-ue, atone tae ntive 
nd thes fed, bat i reouining coatinally under the in- 
floence of sch a rule. Moceoves, wherever there i ameed. 
protoplaa,it is capable of an iopulsesequence, which, in 
‘bedience toa ral ofits own, produces new framework. 

‘Nove we can see that a diference in principe ia nvalvad, 
‘when, an the exe hand, the physiologist divides up the central 
nervous system nto apparsts, nd on the other, the binlogat 
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‘vides it up into organs. Where the physiologist analyses it 
into sensory and moter apparatus, te biologist males corre 
sponding division into murk-argans and actioa-orguss. 

‘The mark-organ includes the framework + protoplasm, in 
0 far ust serves for the creaticn of indications, The action 
ongen comprises framework + protoplasm, [x90 far anit serven 
lor the creation of a definite moverenteequence, which we 
allan ection, 

Every tie an Indication appears, x fenctionrale Lies 
‘behind it, and comes to expresion ix the structure as wall 
1s in the activity of the mari-organ In the same way, & 
function-ule lies behind every action, and finds expression 
in the structure and the activity ofthe action-organ. From 
this it follows that the actions af ax animal can be chsed 
‘within a definitive fanctiog-rale This may express ited 
in an immutable framework, in which case an involuntary 
action oc rafes is created, Or the functioo-rule may make 
the framework from time to time, as cecumstances arise : 
thea we get a protoplasmic auincine action Between 
these two sorts of action come the so-called plastic actions, 
‘among whice actions Based om experience are to be reckoned 
Finally, there are controll actions, {2 which the function-rue 
cf the action-ongan makes itp determinative appearance even 
in the mask organ. 

The physiological analysis of & central werwous system is 
‘ioiabed, when the marie and actioo~ngans have beea ia 
vestigated 

‘The biological analysis fished, when the function rules 
for pereeption and foe vet are laid clas 
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DORTANCE OF THE eDLES OF FUNCTION 
Por TUE yoxcHor-cecLt 


Ue a imposible to understand the relation between mark~ 
organs and veton-organs and the interdependence of theie 
onetion-rwe, unese we tat separate from ont another the 
individoal fonctce-cices of which these organs form the 
derystones. 

We must note that each ciccle—ter instance, the enezy- 
circle—is in principle always cloned, however simple the 
Indication thet. gives information of the enemy's presence, 
and eves iff conits merely of a scl, or ofa slight move 
ment ; the act, whether of fight of of dlenoe, that serves to 
ward ff che enecny, oi always be initiated with compte 
nan. Conaeqoently, the two pans may be of very diferent 
agrees of development. The indication may be highly 
complex, and the uetion may consist of septe roowement 
cr, conversely, very elaborate action may folow when the 
{ntiaton is quite simple. 

To facitate a general survey, 1 give below the simple 
Sagram ofa function-circle, 


wero a Lee 
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t 
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‘Aa the diagram shows, the inner world is divided into two 
‘parts; one, which receives the impressions, ic tumed towards 
the woeléasaensed, and the other, which disttbutes the 
effects, is turned towards the world of action. Between 
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smark-organ and actionorgan lies the watershed of the whole 
funetioncile. The mariergan and the actico-organ are 
e20h of them controled by 2 rule; the ooe arranges the 
‘mpresions in the mari-<rgan, snd so creates the indications; 
‘he other arranges the effects prodaced by the action-organ, 
nd so creates the ations. Both ries are focused accurately 
‘00 the indication in the external world, the appearance of 
‘Which Is the signal for the indications to arise, and which 
vas then “to be dealt with.” The circle forms untied 
‘Whole, for, just es in an organism, each part it depeodent 
fon the others. The design which connects each part becomes 
Inteligile down to the last detail only when we see the 
cipele as a whole. The receptors are focussed on the typical 
‘maniteatutions of the indientors, whether these be chemical, 
‘optical or of some other kind; and, in virtue of thes specific 
‘tructare, the electors dea} with the indicator in the most 
‘effective way, Toe mark-ongans and action-organs act just 
a nicely focused oa tbe indicator at are the eeceptors, and 
‘els rules embrace it with tcrmpalons exactness from the 
sides both of actlen aad of reaetion 

‘The diagraze given above serves to illstrate the whole 
(Of what is done by ax anizal's nervous system, in 30 far a8 
this relates to reexes, plstic actions, of instinctive actions. 
In the case of refexes, however, we mast assume that the 
framework of the actiooorgan is ail ready and prepared 
beloreband; while with instincts, the rule of the action- 
‘organ caa still be bait up and broken down again, We 
know a numbec of cases that are explicable only by maper 
-mechaaical regulation, and 0 prove the intervention of proto- 
Plasm. In coxtraditinetion to these, rolex actions, which 
are noualy of» simple kind, unfeld, <5 were, antomatically. 

‘Bot itis characteristic both for reSex and for instinctien 
‘actions, that the actioacrule reveals iteef only in the actions, 
and in up way enters into the indications and the rules affect- 
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ing these, In the higheat animals, however, the ereatur's 
‘own action-rule penetrates further and farther into the world- 
turseaged, and there asrumes ditection and control, 


rm Hy 


‘A vew clcle is introduced within the animal's own central 
‘organ, for the support of the external Function-cirde, and 
this connects the acton-organ with the mark-organ. In this 
‘was, the animal's own aetlon-rue Sts is with the indications 
stimulaeed from withoat, and now serves the mark-rule as a 
skeleton to which ft may attach the external indications. 

‘Now for the fest time there appear in the woridat-sesed 
acteal implements, possessing a fonction-rule. The worldas- 
sensed of the sipler animals coctained nothing but objects. 
‘Whea the movements of the animal's own lbs enter the 
smark-organ, it becomes pouible fo It to control its own 
‘actions. Bet so long af the action-rule taken over from 
the mark-organ is not ased to form implements, there art 
‘tothing but objects in the workd-aveensed, 

‘Ax we know, eves objects are elaborate vnitin, extended 
0 space and in thee. But implements arise in the worl-at- 
sented only when the subject's own actinrule endows them 
‘with a faction this action-rale combines all the properties 
‘and capacities in soch conformity with plan that they are 
‘hliged to obey am inner rola, which we call the funetion- 
ula of implements. So we Inman beings transler our own 
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function rule to implements, just as we transfer to them the 
Indications we carselves have formed, 

‘These are general lew, depending on the strncture of 
‘ach Individual subject. And so it is quite Inadmiaible to 
impote en. the sensed-world of animals tbe inaaan function 
rules. on which, a3 something taken quite lor granted, we base 
al the implements that fl oar sensed-workd, We must 
‘int get to know the actiomrules of animals, before we ea 
proceed to the question of implementforsing in animals. 
‘As oon as an observer turns his back om an animal, his uaa 
‘implements disappear, and only theee really belonging to the 
animal continue to surround it 

Moreover, wwe most lear to regard the fanction-rale as 
real oatural factor, and attempt to investigate ite effets 
‘in al subjects 

‘Even the " peychoid,” introdvoed by Driesch inte nateral 
sccoee, i to be understood in this sense. The peychold i 
an objectively active rule, which we must observe in operation, 
‘The word peychoit indicates that bere we ave to do with 
1 creation by the peyehe, for & superspatial law comes in, 
tot belonging to the body, but controling it, Can it be that 
Ia he fuactina-rule we bave come upon something that rpeais 
for the existence of az animal pryche? A something that 
jnstifes the peychologists in setting heir acience on an 
‘objective basa ? 

do not think that such an assumption is jastifed, There 
‘an be ao doubt that there are soperspatial rulen to which 
{in the last iaatance the control of ever the animal body is 
amigned, Bat kmowiedge of these rules, just as of thooe 
(governing the animal body steel, must be refered to the 
‘avs of or own mind : and the term“ paychoid “ may enaly 
‘mined wx inte supposing that we beve here the proof of an 
apperception by the animal subject. This is not the case 
‘All wx cam make sure of isthe operation of a role controling 
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the material of the contrat amvous aystem We have 
absolutely no knowledge 5 tm whether that is apperceived 
by the animal 

‘ry wo oF acON 


‘Wma we considered the world-wsanased and the mer 
worl of anizals, we could not fil to recognise a cetain 
paralelam between the physical and biclogieal ways of 
Teaibadg sek al pleats WALA part’ aca tes 
scieees being mataally complaentary aad corroborative 
bat wea we tara fo conser the work of actin, this paral 
leks completely disappear. 

‘Accrting 19 physiclogcal zctons, every anita imparts 
to the universe the eect released by the movements of ite 
libs or the secretion ofits glands And in the uniezme, 
these manifestations of the animal bay conte tei flct 
from stor to atnen according to the law of caumiity. a 
Decl, the step of « beet’ foot or the stroke of a dragon- 
y's wing most cay thei eet as far asthe dogstar. For, 
according to the cama conception, even the smullest com 
ponent of natural phenomena is sbeclately neccesary, and 
cannot be thought away from the general sytem of action 
and reaction, without oabing the wisi impouibe. 

Tt is perfectly obvioes Ot this point of view does not 
o justice to the muareooly contracted aflector epparttaa 
of animals 

“To appeedate rightly whet the efector orpasn peform 
in the funetion-iecle, we most consider ia mae detail the 
laws that goveen our buran implements, Hitherto we hive 
‘considered only oar aniéed tonls (such, for instance, an the 
ladder}, and down that they bave a framowark cousructed 
in somedasce with a funetioo-rae, which Gis them for x 
‘counteraction fa mgprt of our human activiten—ia this cae, 
thr act of izing. 
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[Now there are whole sumber of tos, the framework of 
which does not expres the enti counteraction ; and the 
aways resize the hep of other implements in order actally 
(0 cary oat « faction. 1, for instance, we take the mail 
of 4 box, there i eqaze for ts couzteraction (which backs 
op our sion of boing the box together) aly. the hammer, 
forthe blows of which the head af the nail is mulably shaped, 
and, secondly, the wood of vehich the box is made, the cox- 
sistency of which permits the mail to peoctrate, bat preventa 
it coming out again cas. 

‘The framework of te mail, thea, ualke tht of the lander, 
4s notin itself adequate for the exercie of a counteraction, 
{a addition, a hazuner and some weod are necessary, if tha 
counteraction is to be achieved. If we give a special mane 
te the conzection that exist, in strict xaformity with plan, 
‘becwen diferent inplemests wot having any lasting material 
svocitin, we may speak of " inderedjiaimou.” 1a eon 
trast tothe framework, which word meazs a ating anetional 
conzection according fo rae, atersdjestmest means 2 
functional connection that appears ony fr a time; it Uke 
‘ine in subject toa rule 

Gruber bas called the efectos of animals their tou 
We might let this term pass, if the relations betwen. ol 
ad material were not rally far to gener 1o do justice to 
the extrardinarily ne commction that is manifested in tha 
fuzction-roe 

a the function nce, all the parts, even it not con- 
crevent a in the orgation, are neverchelem so perecdly 
fashioned with relation to ooe another, that they form tem 
porerily an actoal framework Knowing this, we se that, 
cuasidering the world of action, the Molo mst fallow a 
crnipletly diferent rout from ht taken by the physiclogt. 

To dedne Deity the very diffrent attinees of tbe to 
sciences, we may aay that physiology repr the efieeton of 
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‘an animal fn thelr relation to the world anit regards baman 
tools, whereas biology regards them an Suman tocls that 
become eflective in conformity with plan only when they are 
Stled into the surrounding-woeld. 


Dre ADpesean 


{In conaiering the inner world of animals, we have Jearnt 
to distingnish between mark-rule ané action-rale. These (0 
rales constitute only pertions of the general plan chat ia 
cexpreucd ia the whole trueture and io all the sctions of 
anioals. We have sea that oqgams are fitted into one 
smother Ne the parts of 2 machine, and so we have spoken 
‘of framework But there can be 0 doubt that thie entre 
framework is likewise subject to a rule, This rule is 
manifested 50 clearly in the permanent anatomical frame 
‘work that we need mot discus it ferther, On the other 
band, we mast seek for the rule of interadjustmant, when 
the effectors, as they deal with the things of the external 
World, crette a temporary framework 

‘the world of action we are dealing 
‘with temporary framework of this kind, which becomes 
apparent caly when the animal shows activity in one of ite 
functlon-cicles. The most obvioas inter adjustment is that 
which conneets the effectors of animals with the medium, 
Merely by looking at these, we can tell whether we bave to 
do with an anirsal belonging to the air, to the water, of 19 
the land. Fla, wings and feet boar the usmistakabe fapeint 
of theic vocation. The mere closely the fanction is confined 
tox narrowly cecumseribed medium, the more dearly can we 
recognise from the electors to what it is they are adjucted, 
‘We distingnish fet that act as sockers, feet for running, feet 
for leaping, and feet for climbing, and thixe give ut a secure 
‘aia whence we may proceed to further clamiécation of land 
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aia. Ja pornitm we find prebesle feet which are 
ceaaclyintm-adjusted wit the tors of the hoot fareshing 
tem with « median, 

‘Thre can be as little quttion aboat interadjustment in 
the vere The motmal diferestintions of the sexual 
rguna in both male and female, extending even to the Sneat 
detail, i developed ia butterties to an especialy instractivn 
degree. The study of the secondary sexual organs yisldn ax 
an lexhauntble supply of formation regarding an ister- 
adjustment that ix ponitively marvelous. Far her it ia nat 
sere a queition of am anetomsicl isterlocking of eiectocn 
contractoA ia pais, but of an inte-adjustment which 
connects the eBetors of one tex with the receptor af the 
ther. There sve fenale batteries prodacing substance 
sot yet demonstrable by chemical or physical mans, the 
susteae of which Fabee could prove oaly by ch fat that 
the place where the female had settled attracted the males 
towards it from miles reand. 

All conceivable eects, optic, aevstic and tactile, ave 
employed inthe sexual Me f annals in onde to bring abont 
socalled sexual selection, That i to say, thee is everywhere 
an extrctinarly dilate ister adjustment, which sscure, 
crea ion fora aeet period, the asodation ofthe two exes, 

‘Another function cide, which we have not yet mentioned, 
sonpects parestn and children asiong the higher animals 
‘We have otly to remind oamelves ofthe familiar instance of 
parental care, and we are at eave oootiacod that er alsa 
‘there ia inter-adjustment. 

‘We shall take oxly oan example ofthis, which happens to 
bo expecially instroctive. Frac: stodying Boldamus’ vast 
collection of eg, U have convisead mynell that the female 
‘cuckoo always lays in the nest of ter binds eggs that re 
semble thessin cloer. Which shows thatthe eBetor organs 
of the cockoo ae harmecived with the mark-npans of other 
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‘nds in euch « way ast secure tat thse SBA take over the 
care of the yours. 

‘Ths oot «ease of a ect oo our human snack onpuns; 
hee are not deceived is the leat, for atthe Sot glance we 
ca pick out the cuckoo's eg. But sangitds are completely 
(akan in, and proceed tocar fo the changesg. This gives 
a cally elle means of delning the semd-merid of 
tongbicds 

‘We may ready admit dha inersdjurtroent betwen. te 
eachoo and the sang-bird ie paiet ia v0 fat as it concer 
the cuckoo; but we sbal the more srenuoaly deny tha it 
spells perection fr the songbird. 

ee agan we come upon & gustan that we have already 
touched; and we must Sake up our minds aboot it before 
ve prose with our dlacaon of iter-adjastnexts, 


We go on now to speak of a problem thet ia expecally 
important in the fanction-crde of the enemy, when attacker 
snd attacked come face to face. We may acer tht, in all 
och cases, perfection is sot attained, atleast by one of the 
antagonists, for the one that is deferted shows, by the Wey 
fact ofits defeat, that (was impertecly equipped for the 
fight, Even when both appear quite remariably well 
‘quipped for Battle, and are pececly Sted into the eneany- 
cdrcle as rogards their efectos, this imter-adjutment moat 
‘be impertect for one of the two parties, that ie warned, 
TE even in such cases the Interadjusiment, though 
‘apparently in conformity with plan, & realy imperfect, 
‘then tha plan of Nature is aot perfect: and we have a right 
tbe inredalont concerning the perfection of the framework 
sf eximels in gueral. This sors to justly the view that 
Nature is fll of impertecton. Tee plan of Nature de- 
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eomstes into 2 mere Masia, and what we admice os design 
might turn out to be a mere game of chance; which io what 
Darvin actualy esurees, 

1 was aot withoat good reason thet Darwin made straggle 
‘the cea point in bis theory, fr here there does seem to be 
a distinct hiatus ia the perfection of dedi. 

‘The limiatons ofthe organism. This €2p, bower, i nly 
apparent, and it ares from a fase definition. Perfusion ia 
‘ol ommpctence, Id merely meens te corect and comple 
cect ofall the maens evelais, Even fromthe most perfect 
Delog concelvable we cannot lok for the exercise of resouroes 
that i€ has not got, Jt must also be admitted that each 
animal, even i ft easploys pertecty ll the mean i its pout 
sion, cannot perform more than theve permit it to do. By 
tts cesouroes, limits are set to the achieverent of every 
ama, The sum of al the resources at an anita!’ dspoat 
‘teh ts the nature of its sructore, the eaateral of which 
tis made, ie strength, is sis, ete, Le. dhe surmtotal of all 
‘ts propertos and capactice thee make the orgasm. 
Every organi, accordingly, has fixed Simits. Tt cannot be 
big and sell atthe sae time, nor heavy and light, aor swift 
and shiggish, Tt cannot be Beit on @ tworayed system 
and on a foar-ayed at the sume time, Ite body cannot be 
both segmented and unsegmente ; its nervous syatam cannot 
sieaultaneomly be coordinate end subordinete, ceatralied 
and deceotraisnd. A bee cansot be 2 hzard it cannot 
even be 2 wasp. Nor cas it simultaneowsly belong to two 
apoctes; can only be itself, within the lmitaset it by Nature. 

Every ocpaniaa can only be Hoel, But within ist it 
‘is pestect, became, unlike our homes implements, which are 
compas of stractare and tramewect, It consis of framework 
‘Sone. Within it, ll resources are exploited tothe fall, And 
0 we may make the following statement -—cowy living cre 
fare i, in principle, ebay perfec, 
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‘But every living crentare ray be worsted in cunfict with 
fan adversary, because that advenary basis its ergupisation 
other reourery at its disposal. 

1a tropical countien there are two ioects, the oentipade 
and the birdapider, which occasionally are wey troubterame 
to man by reason of thee piaon. Once wen Twas at Dares 
Salaam, w cantipeds appeared on on dining-tabie. 1 aeacd 
(le and cut it through tbe mike. The renlt was that 
two ceatipedes ran umay ia opposite nections. A cut that 
vides «spider through the mide, Srshes i wt ence. So 
xe the centipede tas an advantage. But if ene puts 
oth the animals in & glam, one ca easly observe that the 
spider, begining at the head end of the centiped, slowly 
devours i The movement of the eentpede, which supe is 
every diction with its jaws, does not bother the spider is 
‘he fenst. As soa asthe poison jaw comes near the spida's 
nary tee, the leg is lifed up und placed csewhere. The 
animal built up of a nomber of similar sogments i quite 
incapable of attacking its goal direct, and must suscumb 
before the more highly central’ mevoes sytem of itt 
opponent 

Bat he who woold conciude from such examples that 
supenirty in the aaggle& asocated with higher diflern- 
tiaon, wil reconsider bis opinion when the life-history of 
rmalaria parasite & put before him, This minute ual 
celuar ania) has the power not cay to adap ite to the 
toumly diferent tame-juies of the masguito and of man, 
Iti ae to ade way about i the anatomny ofthese to 
‘eey unl hos. 

Ts this cage als, the anioud that soogutee has some 
‘ind of chemical eaoarce, which extends beyond the limite 
et to the anizal that is defeated. 

‘Without making exact texts, itis imposible ta say which 
nizal will have the advantage over another. Sometimes 
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strength (& wvictorions, sometimes poison; sometimes swift. 
‘es, sometimes inertis; bere the higher nervous system 
‘wins, there the stouler armoar, of sometimes the rere subtle 
deemistry ; and 90 forth, 

Bot in each case we may agnume that the animal is ex- 
‘ploited ap to the extreme limits wet it by its organisation; 
‘ot anly does its framework employ all the resources avail 
Able, bat als its inter-adjustment within the function <irdle 
ls pertect, an Interadjustment which secures its food and 
ward of its enemy. 

ta as cheap as It fs amatensch to sneer at the impers 
fection of Natare without baving regard to the limitations of 
rganiume. It is no sign of scientific incight. Unfortunately, 
‘erm Hekaholts did cot s tte to pramete this view, Uhrongh 
‘is lack of eaution im the comparisons he dzew. 

T think that [have now cleared up the misunderstanding, 
and we can proceed with our cocsideation of inter- 
sgjuetmente. 





eran apjusrioners wrrune THE EwEKY- 
ago Paav-cincies 


‘Without some knowidge of wnat actually takes place 
Nature, itis iompoutitle to make for ontsel! an adeqonte 
picture of inter-adjastment ; just as with Imowledge of the 
framework, this can be got caly through observation, wad 
‘never throogh logical disemssion. T aba cite here (wo typical 
examples, which itutrate the matual relations of enemy and 
rey, ad give an impreaive picture of inter adjustment, 
Sometimes it hsppens that prey and enemy are x match 
{for one another. Only when the wezpoon of the ettacker sre 
pared by the adequate wespons of the attacked, can we 
speak ofa real struggie. Then the conditions at the moment, 
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‘which set the limit foreach individaal, decide whether attacker 
or attacked wil execge vietriout from the Aight. 

‘We can watch a fight of this kind, when the starfih 
‘Asterina attacks the sewarchin Steongylocentrotus, The star 
ish is provided with powerful tabe-feet, which are covered, 
with « poisonoos mocus. ‘They are sited for gripping the 
firm shel of the sea-erehin and paralysing the muses of the 
‘pies, white the five arm wind themselves round the spherial 
body of the opponent, Then the membranous stomach bulges 
forth from the moatb, presen ite! aguiast the surface of the 
‘rey, and begina ts digestive activity outside the auailant's 
‘oa body. 

‘The behaviour of the sea-urchin is very remarkable. 
For general porpoges, a cose set rampart of spines ig snficient 
to ward off hontile approsed. But the short spines cannot 
leeep aif the lang (ubefeet of this foe. For this quite a 
iflerent sort of defensive apparatos comes to the rexoe, 
‘Aa yoon ag the cube-teet of the starch approach the yea 
‘urchin, the spines te down, and theee-bladed pincers, ewelien 
‘with poison, rie mp, whick hitherto have been banging down 
‘taccid, The pincers grip into the tabefeet of Asteria, and, 
‘no doing, break away from ther base, so that, permanently 
lodged in the eneroy, tbey can transer to it their full loud 
of pon. 

UF the sea-onebin is i= good form and hes not leat too 
many of it poison-pincers, it succeeds in driving off the star- 
fab, Bt if not, the stare isthe vietor. 

‘The adjustment is as undeniable ix the case of the sear 
urchin us in that of the starGsb, and the lnits set to both 
‘orgasims are sich that no one can say beforehand which 
wil omaquer. The limit i¢ determined by the condition of 
‘the animal's health at the moment. The sea-urchin thet is 
fm bad coodition = be conquered; while the strong. and 
Insalthy co, in full pomassion a its weapons, can count on 
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ictory, especially ifthe star-Ssh bas recently fed well, and 
s0 Fellows up the attack feebly. 

For another typical exemple we are indebted to the 
remarkable investigations of J, Fabre. I am hinking of the 
fight between the ichneamandy and the larva of the roae- 
‘etl, The ichnewmon-y seizes the larva with her jaws 
‘on the darsal side of the thorax, and beads ber body round 
the larva, while her sting carefully feels over the ventral 
side until i comes tothe place under which the ganglion-knot 
ties We do mot know what indication guides the sting) 
‘Then with her hollow lancet che makes one thrust, and smears 
‘the ganglioa-knot with a weak poison, which pamiyves the 
‘prey without killing it. The defensive movements of the larva 
are oxmapletely unable to shake off the eacmy for any length 
of time. 

Tn this case the adjustment of the ichneumon fy within 
the prey-ciree is very delicately worked out, and this i made 
‘pomible by the fact that the insect is concerned with ove 
particular kind of prey and no other, We may compare this 
to the key of a safe, which is much more delicately wrought 
‘oun a ghtleton key, which hes to open all manner of locks, 

‘The organination of the larva of the rge-beete ia no match 
or this eliate adjestment apparatus of the ichneumon-ly. 
{ea limits are too narrow, This is realy not a battle, but 
merely a conquest of the prey as soon as the predatory insect 
iscovers it, Naturally, the larva possesses other meant 
af defence, which favour its concenlanent from the enessy. 

Protective means of this kind are powetted by the eg 
of marine animals, which are cast defenorleas into the sea, 
They are ithe: of glasey transparency and thercoce dificult 
to me, or else exvaloped in jelly, er protected with armour, 
x buried deep i the and. 

‘The vast number of oggs that can be laid isto be reckoned 
‘among the means at the disposal of the individaal ; but at 
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they must also be accounted among the resouroes of the 
species, sey will be described in a ater chapter. 


SUBJECTIVE AND oBjECTVE awsnmnLaTION 

If we combine what we Jeara conceraing the actions in 
A the function-circles taken together, we mey say that the 
‘oxteome i the annihiation of the prevailing indication that 
ed to the action, and this automatically brings the action 
to # conelsion, 

“Annihilation ofthe indications takes place in two kinds of 
ways, which differ from one another in principle. Aa example 
will help us to understand this better. 

‘A bee which finds « small drop of honey sucks it up and 
(ur fie away. In this eae it in obvicus that the indication 
{oe boney—ie. its scent—which gives rise to the action of 
bucking, mune disappear as soon as the drop is Sinbad. This 
‘san objective annihilation of the indication. 

‘Suppose, however, that there i « great quantity of honey. 
‘Alter a time the bee stops sucking and Sies away, leaving 
the remainder untouched, In this cage the indication was 
‘ot annihilated objectively. Why hen dit the bee cease its 
action ? Tr has been found that if, while a bee is feeding, 
‘abdomen be carefoly ext off, the ingect will go on drinking 
with the honey flowing out of it again behind, Ia this case 
‘the action does not cease; the bee goms on drinking like Baron, 
Minchhansen’s horse. The check ect up by satiety i lacking, 

We do not mow all the details concerning that check, 
‘but from what we have learnt about the inner work of animals, 
we have every rrasoe to assume that either directly through 
reflex mechanism, or indirectly throagh the chemistry of the 
‘mark organ, a those is reached, and thereby the indication 
is snbjectively smnibdated. 

‘Subjective annitiation of the indication plays the chief 
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part In the sexual ciedle, and leads there t0 the ending of 
‘opalation, This in seen most strikingly in tne eave of the 
praying mantis. Hee, as soon a¢ the male bas fecundated 
hae, the female proceeds to devour hiss, Immediately after 
he male has disappeared as a sezual indication, the food. 
circle comes in, and he now presents merely an indication 
for prey, Many other ingects behave in the same way; the 
females of spiders and of staphylinid teetles davour the 
sles when copulation is completed, and the males alr only 
1 feeble resatance, for Uhe females never serve thera 38 prey- 
indication. 

Tnteresting thoagh subjective annihation of indications 
{s, we rmust omit it in dealing with the world of nction, foc in 
that work! only objective events take place. 


‘Tn rmOICATORS 


Tn conaidering all the various indications tbat eurround an 
fio, we perceive that the indicator towards which 
‘animal's action is directed, is very diferently consteucted 
‘ecorting to the particular inter-adjartment between it and 
‘he animal. 

‘in the enemy-cicle a slmple moversent of Sight follows 
 & oortain indication, wether that be of chersical, snout 
(or optic nature, the indicator is merely the bearer of the 
‘Property that is employed as indication by the ling subject. 

, om the other hand, effectors come into action Uhat serve 
toe defence, the indicator has 2 counter framewurk ‘which fits 
‘in with the feamenork of three. Among such comterframe- 
‘works we may reckon those of the enemy's organs which 
contribute towards bis defeat. Tous, for instance, we may 
reckon in the consterframework of the weeanchin, not 
anerely the external form of the star-Ssb's tabe-feet, on which 
the poisce-pincers can lay bold, but also the nervous tiseme 
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fected by the poison, and the mmcies that contract a 2 
tenat of that nervous excitation. 

‘Often indeed we must reckon in the somterframework, 
{great part of the central necvous system ; especially in the 
‘higher animals, where the pain grodnced by the defensive 
‘weapons ft noch as to check the attacking moverumt and 
rake the attacker reco 

‘As wu hava seen, the coustertramework of the prey has 
‘been very exactly deycribed in a number of cases. It extends 
‘uot meraly to the form and postion of the ganglioa-knot in 
the beetle larva attacked by the ichnewmon-ly, but also to 
the specific chemical properties of the larva’s nervous sub- 
stance, which is paralysed by the poison. 

‘When the beetle larva is paralysed, the movement ceases 
‘whieh was the indication serving to initiate the attack, Then 
the motionless larva forms the indication for the action of 
eaplaying, Tn egg-laying, there 4s a subjective annihifation 
of the indication. 


‘ME couNTER pRAmEWoRE AS BEPEESSION 


‘The stody ofthe counter framework ia the indicator forma 
tn expecially important chapter, for by this a connection is 
tatabished between the world of actioa and the warldas- 
sensed; and the surrounding-world emerges as 1 selfcon- 
tained unity, envdoping the subject oo all sex 

‘The function ele, consequently, relates not oaly to the 
framework of the subject that it governs, but ale to the 
counter-frmewerk ofthe animal serving the subject as enemy 
oc as prey. it inludes, however, caly the counter frameworl 
from which the indlestor ix constructed, and completely ax 
‘lades sich parts of It as came into consideration when that 
‘other organiaa i the mubject. 
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Not unt we have completely worked out all the functian 
<irles of an animal, do we get some idea of the closed sur. 
roundng-wodid, which on al sides shuts off each individaat 
‘sbject From the rest of tbe world, and forms the only onter 
world it knows, 

ts especially nsteuctive to kaow the medium thoroaghly, 

If we place before ws, as our indicate, some human toch, 
les countereamewcrk is Built up from our indications con- 
rected together inte « unity by our rule of we. Ii we try 
10 do the same thing foe other animals, we find ourselves 
tunable to set up any adequate rele of the kind, (Not even 
in the ease of our domestic animals, trained at they are for 
fur service) Instead, we are always seeking rules of action 
by which we may consect up anisnals into living onites 
A dog, fer instance, is not merely @ tool that we use for hunts 
fing; but —quite apart from its services to we~it embodies 
for ws human beings a whole maner of action-rulss, when 
4 barks, eats, rans tc, and these combine together into ont 
extremely complex action-rule for the whole 

In this way the indicator "dog" becomes for us the 
epitome of a rae asigned to it fr the totality af its actions ; 
and this rule distinguishes i¢ from al other indicators. 

ape we confrant one grimal with another as indicator, 
it is cbvioos that Ue indicator mast change according to the 
natare of tbe animal receiving the indication. If the latter 
faas not the power to receive its own acticn-ruls in its marke 
‘organ, the formes doet not constitute a unity for it. Tt is 
‘aly we, ax cbeervers, who are in a paaition 10 se the indicator 
‘asa unity, in vite of cur owa attion-rues, which we trande 
Fer toit. 

Neverthelem, we kaow that the indicator may form 
spectal unity i the acnate of the receiver af the indication, as 
‘bearer of fanction-roles, eve if wot as Beare of action-ales. 

Tt we take a star Ssh as indicator for a ses-urchis, the 
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‘ctlon-rle of the searchin, which would call the stur-fl 
" warething 10 be poisoned” does not sulice tbe latter as a 
comprehen rile; and this quite apart from the fact that 
the primitive onganisetion of the sea urchin's nervous eystem 
excludes the possiblity of actionrales being received by the 
markcora. 

“The actian-rulé ig confined ta the nipping by the pedi- 
altri and the emission of poison. We cannot refer the 
convequences to it, Le, the specific ellct of the poisas on the 
nervous system of the stars, and the movement of rcoil 
that (olowsin viet ofthat annal's apatocnical enganisution, 
‘And yet there is revealed ere a fearoework io the starfish 
that fanctions in the interest of the seavurchia, and which 
‘we may apeak of as the countersramework of tbat animal 
‘This counterframework by D0 means includes the whale 
framework of the star-Guh as we know it, nor does it form a 
delimited portion of the sturtub’s body, conaldered ether 
anatomically of physiologically. From the sea-urchin's point 
caf view it can be comprehended a8 a unity only if we consider 
‘as an extension of that animale action-rle 

Aithough the couater-framework of the indicator coo 
stitutes an integrating portion of the funetion-circe of the 
rooeiver, and consequently comes ander the fanction-rule, 
yer it a nat subject to contral by that rule asia tho frarnework 
Gt the animal's own body, which, afer injary, can be fermed 
anew by the fs0<tion-rale 

‘The activity of the function-rale does not extend beyond 
the body of the sabject; nevertheless it embraces the counter- 
ramework of the other snimal, although it exzcists no direct 
eet thereon. Especially interesting are the relations of the 
function-rde to the median, trom which it alee, s0 to speal, 
cuts cut a counter-framework in order to form the Indleator 
subjectively, 1f we (ake into consideration al the inter- 
‘djustments ofthe fanction cries that connect the framework 
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of the animal with the ecunterdramework of the indlator, 
‘we recognise that every detail in the one derives ta fal meam- 
ing from Its relation to the other, I we grasp this fact, 
‘we aball not regard the bizarre form, colour and pilonity of 
‘tome of the iower animals as just 20 mach " decoration” 
(hich was the old naturalist’ Interpretation), apd stil leas 
ball we dare to dismiss them as accidents ot vestigial 
stroctures, 

‘To do justice to the fact that, i the whole counter-frame- 
‘work, one part enters into relation with the receptors of the 
“subject and another part with the effectors, iti advisable to 
separate from the covatevtramework, as indicators in the 
strict sense, those properties serving for indication, and, a8 
registers, those that receive the efiect of action. The re 
mainder of the countertramework then serves merely 10 
connect together the indicalion-besting apd the action- 
beariog properties, We may thea make the following state: 
iment, as the basic peizciple of biology :—io al surrounding. 
swarida whatsoever, the indication bearing and the action 
bearing propertne of a function-ree are held together by the 
‘counter framework of the same object. 


‘Wan the smal birds that prey oo it ome near the eyed 
tal: moth, it apreads out is wings; and this seems to cate 
‘he birds, boone they have te be perpetually on theiz guard 
‘aaingt eal cacivores, Tae eyes oo the moths wings do 
not deceive wm, bat they do decive binds 

‘Thi com i extraordinarily instructive, Deen it xevela 
to ws clesrly the dileenoe between “ knowledge" and 
“wisdom "in animals. we try to combine as knowledge” 
‘the vum-total ofthe indiatian that nite inthe mark-orgin 
of the bawk-motb, we find this extremely wougre, for the 
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conlyisdeation formed in green ctlines i tht af the moving 
Dird, No indication rec the eyepots on its own wings 
reaches the macicorgan, ad the oth knows nothing of ita 
ict on the specie seusod-rotd of the birds 

"Fram hrmmas analogy wo ae far to ready to ok inthe 
subje’s natledge the sere of the correspondence betwen 
‘mn ction and its aie tothe ageat, x knowlege tha s present 
44 markrula Inthe mark-organ and is abet foresee couse: 
cqueocen This is why the anforeanate exprosion“ parpene 
foloea im erga Natace” is alwaye wsed, and ako why 
so wh valve Is attached to the paychology of ankcals, 
Nove the peychle processes asrumed io annals oan play but 
4 ansicnt part An tele Lives. When we epeak of what the 
payehe doc, we ean only mean by thatthe rules in the mark 
xgun as observed om within, and we aball not get fr if 
vw try to build op the purporetalaen of life spon much a 
ais 

For in the actions of be lowest animals (I need only 
remind yoo of the malaria parste), there is reveed in the 
Interadjustroent be san wise forsght a8 appears in those 
othe highest gaan, 

‘And what would become of maz himoalf, if he depended 
for direction merely ox his own knowiedge of his pyche ? 
The ideas tbat moat people have concoming what goes oa in 
‘hae own Bodie are excedingly meagre, and. tor the most 
part, incorrect, Modern hygiene gives us a great del of 
{information 08 te the marvelous widow of our tamu ia 
their Sight aganat foreign poisons ; but of this we should 
‘ever have been couscions eurseves 

‘This force of Nature we bave called conformity with 
lan,” Deeanse we are able to follow it with ose appercep- 
tion only when that comhines the manllté deeds into oot 
whole By mean of rales, Higher rales, which anite things 
separated even by tine, ae in general called plans, withoat 
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‘any seference to whether they depend on human purpates 
oe not. 

Instead of confurity with plan, we might just ax well 
speak of conformity with function, or of harmony, or of 
‘Windom ‘The name does not matter; what does matter is 
hat swe should recognise the existence of a natural foros, 
‘which binds according to rales. Unless we do tbis, biology 
is abete nonsense, 


From the faegoing, itis easy to select colours with which 
to paint the various fanctlon-cretes for « single onganism, 
when we are investigating its relations to ite indicator 
‘The pctare we get throught of « world that seme created 
‘eclusively for this animal. And #0 we are jastied in asmim= 
Ing that there are as many eucrounding-werlds as there art 
anak, 

‘When weg forter, and try to understand the connection 
‘between diferent animals, we succeed inthis also Wo a certain 
‘extent, if we restrict ourgeives to thone aniroale that five in 
‘a narrowly circumseribed medium. We can paint a picture 
ofthe chains formed from the fanction-cieles enclosing the 
lenessy and the prey, and, as we pass fron ant to the other, 
show thet the prey of one exemy appears farther on as the 
cary of some other prey. 

But koowedge of single intividaals is not saffcient to 
ive ua an inpeemsion of the whole Living tie in the carpet 
‘of Nature, Tz order fo atts to this, we must rely on the 
Ligher uoities, such as are repcesented by the species. We 
‘cannot go into this unt later on. 
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1a reoent year, since the appearance of the talking bone 
of Biberfeld, animal peychology bao struck out maw lines 
and those are 90 worthy of consderatina that we cannot pase 
tham by unnoticed 

‘The statement that the peyche of animals contains within 
it tis sensation oe that, does not cancers biology. Tt is for 
the peyehologists to pictare the animal soal at they think 
fit, ‘The biologist must conocra himsef scaly with soch 
manifestations by animals as are perceptible by tbe observer; 
‘ud trom these he must draw conelasions as tothe organise 
ton 

Bat modern psychology afm thet al! animals, or at 
east all the higher animals, have « bumas iateligence, wih 
‘a not expresed simply because the body onganinaton seta 
Himits to it. we succead in getting an animal to produce & 
suitable sign-language by means of ita organs, we un convervé 
‘with tas wits bua beings. 

‘This view should undermine the opinions belé hitherto in 
comparative peyehology, which infer the nature of the peyshe 
froma that ofthe organisation. 

Biology isnot direcly allected by these beatod poems; 
4 the scenes ofthe organisation itself t can cally avait the 
cotcome of the dispute, 


CHAPTER Vi 
‘THE GENESIS OF LIVING ORGANISUS 


‘Wrorvae witnesses the genesis of one of our buman appliances 
‘=the manufacture, for instance, ofa candle trors parafin and 
‘wick-wand compares with that what is dove by the finithed: 
article {in the case of the candle, its burning), must stright- 
sway realize that che designs governing the two processes are 
completely diferent. Undoubtedly both are guided by a rule, 
‘bat the two rales cannot be identical 

‘Hitherto we have been concerzed only with the rule of the 
finished object, which ore called its function-rule, In living 
beings we also met with a fanetion-ale, which governs their 
doings independently, wheress tbe corespondiog rule of 
Implements bas reference to « hares performance, and so is 
alway dependent. Accordingly we speak of the counter- 
‘actions ol implements, in contrast to the perlermances of 
anbjects. 

‘Apart from this diference, the function-ales of implements 
‘readily adsit of comparison with tbose of organism Ta both 
‘we find a Gned framoleors, which forms the externally visible 
expression of «rule. The famework is responsible for carry- 
{ng ost the action that foiows the feactioa-rule. From what 
‘we know of the spatial rules of the framework, we may con- 
dently deduce the functica-rale. So we have beea able to 
show that, among animals, in so far as concems the 
activity of the framework, all those mechanical rales bold 
od which we know in oar own machines, 
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Even the rule of inter adjusieat, which plage the chet 
part {5 the funetion-cizdes of animals, we found again ia 
‘yuman impleaents; these eater foto a faiework with one 
another, though only temporarily, and from this framework 
‘ve ean dedooe the funetin rule. 

Indeed It is posable, wp 19 & extain polt, to image 
machines posesing «marke and an actio-ae, a though 
hey were animal But such rules are ot steeple of any 
ange, or machines cont entely of a fined framework, 
‘dal the rules that can be dedaced fora thee spatial truce 
tare ne their (onctions are Buran rales; ubse do not belong 
to the sachines, but ace intzedsced into them doen without, 
Consequently they san be altecal only foes withost, by 
aman intervention. And that ix why we say that the 
zaning of machines is conditioned. When aackaes wear ost 
of ace injured, theit unctin-rue cammot immediatly come 
fo the rescue, as would happen if they were organieos; an 
xganlm has ie fenctioa-rale within See, and in protoplasm 
‘the material which the rule independently employs for repaite 
fag the damage. 

‘From the way crgusiams behave, we become convinced 
‘ht iin the fanetion-rule iteef which is able to make the 
feumework, We were canfrmed ia this opision by the 
Ietavions af the unkular protoplaanic animals, which 
form fr theruetven the eccenary famewent, and destroy it 
gain ia accordance with the fanction-ule controling the 
action, Ta this way, the rule of digestion of Paramecium 
caused mouth, stomach and ams topper, and thea t0 die 
Appear aguis, one ahr the other 

‘We found that, in all hese case, it ix the foncton-abe 
that governs the Impulseaequence in the proteplam, 
‘And a0 we might easly aamame that this rule guides the 
‘whole proces of arganogeny, trom the germ oxmards 

“Theat of the poesia ofthe ving organism bn shown 
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‘thot this assumption is crroneces. Jost e3 with the genesis 
of oar implementa, another rule comes in are, which is not 
‘Meni with toa toction-rule; accordingly, to distinguish 
Dtwoex the, this must bm cll the ral of gene, 

“For two hundred years the dapat bas raged a to whether 
1 is oooraacy to sarane a special rate of game for iving 
‘lige. Natura scence, ewhere 40 zeady t0 apply the 
analogy with machices, bas here, atrange to say, made an 
‘exception, As noon at the epermatocon were discovered It 
eas thought perfectly obvioas that here we had human 
Dainps in miniatice, which only had to grow to full sie in 
ender to be completely developed. This wat the foundation 
ofthe tater doctrine of “ evaltios,” which saw inthe geoesa 
of the organi cerely 9 proces of increase i sie, 

“The theory of sermatseoe-aen was s00n shows te be 
wrong, Binks then sized on the Hen ot plat-bods, 
whieh not only grow, but must unfold in exder to produce 
leaves. And 30 arone the doctrine of unloiting or genesis or 
 evction” 

‘This doctrine was opposed by Wolf, who, a8 reslt of his 
cvact chuevations, became coavinced that inthe genet of 
‘he ving orpasna thee coed bene question of rere t> 
folding, For WolK, genera appeared as « perpetual ceation 
f something new, an opigeneis- 

Tt loot neorasary to follow into deta the diapete that 
assed, for 1 our own day Dricach as fly seted i ja 
favour of epigenesin 

Epiguoa, elog the mare diflaledoctsine to gasp, had 
4 hard bate to fight, Bet It cooguered at last through the 
overwbabning power cf facts. Again and agin the evcution- 
dats attempted to maintain the dogma ofa invisible frame- 
‘work promt ia the gem from the begining, by aanming 
Dereditary partici, wich, ic wane way or other, wert 
spatially coenected together. Faally thre coud 0 anger 
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be any question of evlution inthe oh seme ; rel revalo- 
tion was necesary to bring all the minute parts of organs 
Into reasonable arrangement. 

Haccke's socalled " biogenstic law” was mainly re- 
sponaibe Ine giving evolution its last foothold. This law 
consita nthe amertion that in the eovese ofits individaal 
evelopment, every single organism passes through the 
developmental history ofits ancestors, im abbreviated form. 
Since the histary ofthe ancestors is unkown, it was deduced 
ftom the developenent of the indvidsal, and 30 Wat proved 
by a viciows cle. The vast amount of“ titeratare ” that 
has been written with this fallacy as basis, almott passes 
belief, And go we may conser it a eal fet, when Drieach 
pot an end to tbe asiness by demonstrating that in the gran 
there is no preformed framework for the eamplete wsimal, 

‘The proot addoced by Driesch is just as simple as it is 
‘lightening. Tha emence of a famewor consists in is being 
made of parts fitted together; aod when one tars it unde, 
it is a framework no loager, i there ts an inviibleframe- 
work prevent in the ger, then, when the germ is eat up, the 
framework must be cut up with it. Nove, a halved germ, iit 
Aevelops futher, yields, no two hal-animals, but two anialy 
of half the mortal sige. This fondameatal experiment of 
Driese's has been pecforred with al possitie variation, 
with every poslble precaution, asd on all eutable species of 
snimas. 

“While an anatomical framework sous be destroyed by a 
anatomical interference, since tis expanded im space, a rule, 
Which init wary nature i sco-spatial, cannot be uevered by 
the ‘mile. Either the posibiity of embodiment is takea 
fam it by deeeaction of the material, or, if that does aot 
‘happen, sil it must come to expression even with reduced 
rater 
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‘With the fal prof that, at the beginning of embryonic 
shaping, there is no framework i the germ, but that there 
i a rude, the modern doctrioe of the geass of the organism 
‘bogus. What the nature of this rule i exn be deduced only 
after the history of the genesis bas bean laid dear. The 
question" How oes a rule afleet the protoplasn of tht 
germ ?", we anewered when we coaidered the supe 
mechanical powers of protoplasm, by saying that it arranges 
‘he impube sequence 

‘As istermadiary betwoen the nen-spatial rules and proto- 
plasm, which ia arranged with relation to spaoe, wa have 
Plsced the impulse, nd about that we must mow say some: 
thing briefly. The impulse sets going « proces in the prato- 
plaum, We may pictare this by analogy with the oflect of 
ferments or catalyses. But whereas the physicists and 
phyaiiogits ave developed purely material conceptions of 
‘these releasing factors, and arranged ther i the causal series, 
‘we must ascribe tothe impulaes 3 semi-eomaterial character, 
‘which permits them, o= the one bend, fo initiate new eusal 
series, but, on the other, places their becoming elective 
under the control of x rule that isin cooformity with plan 
‘As an analogy, we may refer to the way soands appear under 
‘compulsion of the melody. 

‘To Kan Emat vor Baer, "the father of embryology.” 
belongs the merit of having compared the laws of melody 
rit thove that shape the germ. 

But the dlacoverer of the impulses was Mende 

‘The story of this discovery will ever be worthy of re- 
menibeasct. I the saxua coming of pms Mende] discovers 
the rue of interchange of the rudiments of characters, a ru 
‘which hold good for sexaal coasings i all crgpsisms Bat, 
1 happens to grent genius wove intelctoal course en fat 
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from the beaten path, Mende’ contemporarie, trolling 
confidently tloog the comfarabe Righoad of Darian, id 
ot nderitand in the lett what his Squiry meant. And so 
this eat dscovery was gute is, ut cite Year afer 
he master’s death, It was rediscovered by three stientific 
ren simalaseely. 

‘What Mendel discovered was an entry new oatual 
factor, which ony to his pearly eodowed spet appeared 
sellavident, To Mende it wemed vo bvine indeed that be 
fave ito name, and wa interested ony in the law in which 
‘hie actor expreed ise 

it was Johanmn who fst recogined the neceaty for 
naming the new factor, and he called it 2 “gene” Thi 
name tells us nothing about the mature of the factor, And 
thove investigators who Gest tested the general applicability 
of Mendel's Law were mot concerned with the conceptual 
lascation ofthe new etural Cater. The new knowledge 
‘ed to practical ress of the fest importance fa the cutive 
tion of plants and asimas, whieh called for the nodded 
rey ofthese distingihed eemtt 

‘And 10 it happens that the eheeeticl ixpertance of 
Mendes dncovery is bot relied even at the pret ay. 
Ta ane to grup i, we mist enter en theoretical considera+ 
tions seemingly remote from i 


‘Vee Cewests oF nepumuenre 


‘As already emphasised, all human appliances agree ia 
‘that they are supposed to bave 2 rule of genesis i addition to, 
‘rule of wae. And this fact requires that we shall make the 
(genesis of implements the basis of cur consideration of the 
genesis of cxganioms. If we wish to apply conscientiously 
the comparison between aman appliances and orgmnisas, we 
smut make up oar minds os to fundamental concepts, oo that 
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sgroements and the diflermces. 

ct us take 25 on example staircase built of bricks. It 
4s quite pecmissibe to call the separate steps organs consisting 
of a ticktinne, made wp of brickells. If throagboat we 
Jnad only to deal with implements made of x aniform material 
vhich, throagh various chemical and physical process, took 
‘all posible shapes, colour and properties, the comparison 
‘of onganiamas with implements would be striking. We shoal 
od everywhere the same morphological basal clement, 40 
sleateat which we could compare withthe call, the elementary 
‘iling.etone of the organises The same substanoes that 
‘ve recognise indifferent implements might be regarded us the 
‘ame fundamental tive. This wool’ also allow of ow 
regarding as crgans the varions parts of isoplements, even 
where they coasiat of different substances. 

[Now since there actully are ferent ‘zplements made of 
‘he me original material trated in various ways (ie, all 
‘the things built up of bricks), if we are to intitute a sound 
‘comparison between organiseas and implements, we must not 
Aismiss the attempt to imagive all implements redoced 10 
the lite cirmencary denominator, the cell. On the contrary, 
‘such an idea proves very valuable, because after eliminating 
‘everything. unimportant, it fixes car attention oa the rally 
eemntial diterences, and gives us an opportunity of making 
more comprehensible, by simple relations. in implements 
amiliar to ua all, the complicated relations subsisting among, 
organisms. 

‘Thin in very striking an soon as we employ the concept of 
‘the organ in the ease of implements. AS an example, Jet m 
‘take a cane chair, the back legs of which are fm ove piece with 
the back, which i Gtted on to the seat ; and let us pot the 
following question to an anatomist and to « physiologist, “Is 
this piece, composed of leg and back, ax organ or not ?” 
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‘Toe anatomist sill say, “Yes,” bat the physiologist wil 
aay “No” 

‘Tan anatomist and morphologist limite organs by their 
form, the physiologist by what they perform, As the abore 
‘example shows, the boundaries of the marphalogical need not 
coincide eth the physiological. Tas physiologist will prafer 
‘0 consider all the legs of the chair 23 one organ, withoat 
regard tothe number of joias that separate uhem, of how many 
parts intervene. Conversely, he will think the suggestion 
‘imply absurd chat parts which have digerent (unetions ea 
Ye ascribed to one and the sume organ, even supporing there 
‘ia morphological onsectice between thes. 

From this simple example, wm perceive tint we oust 
analyse all implements down to their morphological and to 
their physiological building atones, if we are to do justice to 
the facts, In dhe cage of our own tools, these facts seem 
perfectly cbvioos, for we know that the man who wen snch 
‘an implement is « difterest person from the ream who imam 
{facture it, and that each of them, in analysing it down to ita 
‘organs, works fram a totally diGerest standpoint, 

‘The joins that we observe in cur implements are there 
‘because only 42 certain special cages can the manufacturer 
make the whale article oot of ose sce: he i obliged to make 
the pats separately, and to connect them together Inter on: 
and #0 itis impossible to avoid having joins, 

Joins, theretore, are to be regarded a“ signs of genesis,” 
‘which direct our attention to the metbod by which the ebject 
‘was prepared. And 20 the morphological builing-atones that 
‘the joins deliait, are to be considered as genetical building 
stones” : that is thei real significance. 

‘Now in moet implements there ae jeine which are neces: 
sitated by the particular function : and I need only remind 
‘you of those that separate the whee! from its axle and anak 
‘poste itz turaing. Joias of this kind canst be takea into 
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sccount by the constructor whex he is making the implement. 
(On the completed article, they separate both the“ fametional 
and the “genetical” building-stones from one another. 
‘When they occur, the division Hes betwsen morphological 
and physiological organs cxincide. 

‘Let ws consider an implement composed entirely of very 
small and similar building-toons—a brick staircase, for 
‘example—and let us inquire whether it could not have come 
{nto existence of tsi, through mere use, or whether any co 
roctional process i demonstrable which ig independent 
erect, We are otiged to look for such signs as are not of 
1 functional bat ofa genetic kind. for pure signs of genesis, 
‘wot cofncident with the signs of function. 

‘Te joins are not neceamrly the oly pare signs of genesis, 
On the contrary, every indispensable property of the imple- 
ment that bears no relation to the functions, may be so clasi- 
‘ed. Think, for instance, ofthe rough rim on be under side 
of every china plate, whichis elsewhere covered all over with 
smooth gluse. Here we are casfronted with a pure sign of 
(genes, reminding os Chat, when it was being fred, the plate 
‘stood on a red-hot apport, which prevented the glaze from 
forming there, 

‘On Ue other hand, whes we examine a willow wand thet 
is used as a bow, and find that the woody Sbres cn the one 
side are permanentiy more etrelebed than thoee on the other, 
‘ve aball explain this as a sign of function, relerable to use 
lane, 

Even if all our implements were competed of a theee: 
lmvensional mosaic of very minute ements, we might neglect 
this investigation into signs of genesis and of function, for the 
Ilstory of the genenis of these things of cur own manniacture 
reste with ounelves. We should know precisely which eltza- 
tos of the elementary sgsic had been effected by oom- 
strsctioa, and which by function. 
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‘We should be able to say exactly which groupe of 
‘lementary stones are to be accounted genetic, and which 
morphological, because we can control the actions of both 
bolder and wer. We lawn that the coastruetion and the 
running of what i constructed are two totally diferent event, 
‘and so we do not need to seek for special gas of gens and 
‘signa of fanctian in order ta prove the existence of two funda 
mentally different processes. 

‘But when we tur ¢o implewents sbost the manufacture 
of which we now nothing, and especially when we consider 
‘predstarle finds, we are foread to go seeking for signs of 
‘genesis, in order to acquire some idea of the way in which 
hey were prepared, And that is eruer stil when we turn to 
living things. 


monPuotooe 


‘We may heiedy defive morphology a8 the sclence of the 
signs of genesis, for is (ak is to analyse organisms, not into 
‘hele Functional, Dut into tbeir genetic building atones, By 
homology is understood the interrclations cd these genetic 
building-ttones; by analogy, the relations of the functional, 

Much that has hitherto appeared mysterious in mor 
phology will now become compcehensible. ‘There it n0 mor- 
phology of implements as there is cf crganisms ; ‘hit is partly 
‘explained by the fact that implements are aot enstracted, 
8 organisms are, rom similar primary Wemats, and oanee- 
‘quently are not derivable fcom sittings, in accordance with 
law, of the same primordial mosaic. This, however, it only 
one reason far the sexningly mysterious fact. The second 
reason lies deeper. All mmplements are oade by a coastructor 
tanding outside, shereas all orgenisms arise from a germ set 
mn a Sed position in space, 2 germ which han an immovable: 
place within the stractares arising oxt of it, 

All isoplements are made by external agencies; oll 
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ccganiams arte tom oot Dir own gems. Thereby astarting- 
Pela given in apace forte genes of all ving things; the 
erm i the ist Dalding-tone, and, as soon asthe Iter onet 
‘5 forme from it, they are obliged te take up x potion in 
relation to a spatial centre. 1 duplication follows, we get 
the biter) type. If whe repetition is four to ssf, there 
ppear lou, Give, and slxeayed types. de germ divides 
1p into several balding stones st one behind the other, we 
(2 the segmented type 

1 we bear in mind that the germ of the chidcen arises 
(oom the gecm-plasm of the paresis, we stall understand that 
the manifestations of like geras are szaar. Hence the first 
ahapings of the germ which nd exprsson i type ormation 
Yield the surest ritesaa of relationship. The morphoogits 
ae justified, Dero, in ascribing fundamental impertance 
(o the morpboiogiat type, when they attempt te mark of 
from one wiother the circles of relationship animals. 

1 happens not infrequently that asimals ihabiting the 
tame median and ving on the same prey oF hunted by the 
tame enemies, show, in correspondence with their approx- 
‘mately sila fuoetion-<rcle, 2 similar Wind of canstruction 
| (hie effectors and receptors. But such asimals ace not 
related (0 o0e another, if the morphological lows of their 
strocture ae diferent. They are analogoes to one another 
‘but not homalogons. 

Inevitably we asuace homologies between anisais now 
living and thes anceaors and up t this poi Ii etiable 
to employ the morphological laws of stracture fer the de- 
termination of lineage. Bet me crust altogether abjere 
the Darwisitic nawe of these laws 

Morphology a a scienoe that concerns itself with the 
ceatetugal mode of structure of the eelleneaic of which ll 
‘organiens are composed. Where the support of embryology 
4a lcking—in paleontology, for iaxtancr morphology is om 





THE GENESIS OF LIVING ORGANISMS — 159 


cre slely with the search for sgas af genesis. To avoid 
going astray trough taking 4 sgn of function fora sign of 
tgcsis, morphology mast call is the help of comparsm, 
Only when we have shown that, peo change of faction, 
‘he sume anmamina) characte: panist ia various geaere 
and species, can we decide with any conBdence as to which 
ace signs of genes For instance, the Sed namsber of seven 
cervical vertebra: ia all marazmas, whether they bave a Teng, 
‘exible neck hike the pial, oF a shor, rigid neck ke the 
‘whale, is undoubtedly to be taken as sign of gents. On 
the other hand, the arangeent of the lameiie in the bones 
of mammals, which changes according (9 the ditibutien of 
the weight ofthe body is x tgn of function 

‘There are imaatable laws, according to which the sitings 
of the bedy-mouie proceed, beloce the definitive forms is 
reached; and theye ews we strive to discover with the aid 
of the signs of gecesi, fo i i Use which te ws not only 
bout the delimitation of the genetic budingatones, bat also 
bout the changes that take plac is these 

From study of the animals now vag. it appears that the 
higher animals diplay, a5 trassitry singe, diments of 
seructures that become crgane ie the lowe forma i the 
Former these do not reach complete develope 

“This fact, Rowever important it may be for the deter 
mination of relation is wo ware than an expen ofthe 
centrifugal architecture of animals Hom ee, indeet, should 
thls centrifugal architecture expran itself from the germ? 
Surely tl just what we might expect that, when we compare 
‘arous kinds of animale togetber, the ft eyetematearang®- 
ments in the mosaic should reserle one another, and the, 
stu « oetin tine, beoose dilerentiated from oat anothe. 
‘A cootinnons chai of sitings end changes charactecane the 
ertopment of even the highest wnimals; and so we et the 
grnsion that carta stages are to be explelned only oa the 
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sumption thet they belong 10 the organegeny of lower 
sninals,wbich have Deanced off at an carer date. It wil 
never be possibile to prove that the organs of the higher 
animal coz be formed without thee "tours." Who will 
undertake to Bow chat th so-called raiment of gas ia 
‘the Mammalia are vot necessary forthe development cf the 
acjan charctertic of than annals? 

Tt in sngly grote to ta of remnants tom past 2g, 
of vestigial organs, or of eanbryenic degenration (crno- 
roe) 

‘Al uch iene originate from making a gute uncial 
sanuzaption of an analogy with the centripetal architecture 
of tumap implement, and then appiying it to the centeiogal 
srcitectre of orgasms, 

‘Yet ane ching rere. The chld is never created from the 
mature orpacs of its pacents. Rather, the che, since it 
comes from Ube same germplasm as fs pares, travel che 
same path of genesis as they, in order to develop Small its 
{dividual orm. This frm is wot based on a del al rey 
prepared, bat represents the definitive concasion of «Ke 
process that never before ended up in this particular way. 
‘And so follows thatthe dfstive form of an orgasm can 
‘eves hacboue within i the vestigial eaais f an orga that 
‘once upon ate was felon. 

we ladet on looking for science caresponding to 
morphology to meet the case of our implement, thongh this 
mode of gene inthe very contrary of that of creer, the 
science of architectural style might be considered, because 
seven ceatrietal achitectre shows at certain pias corte 
simiartin, Moreover, the scence af styl doesnot concert 
‘itself with the functions of implements, but only with their 
mode of genesis. Like morphology, #t is based ox comparison, 
and seeks accordingly for signs of genesis and net for signs 
of function, Tt investigates Bemology, not analogy. But 
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Iowever exact the historian of art may be, the scence. of 
style can never attain tothe exacines of morphology; for 
(te arbitrariness ofthe human ariect basta be takes into 
szcount, wheceas marpbology Sada its support ia de lay of 
ature herul 


Undoubtedly we are entitled to regard each oeganiam a8 
‘acxtlmomic ; in so doing, we reer (othe call 43 the smallest 
stone i the mosaic, and trom this a2 the genstic building. 
stones are composed. Now, if this body-moaaic arises from 
a germccll, we ray dak, "In what form are its rodent aid 
down in the gecra ? 

It to help us in answering this question we gelect for 
‘comparion the genesis of a mass of crystals from the mother: 
liquor, we see that formation of these, beginning at seperate 
points, gradually spreads through the whoie. The weqoence 
sand arrangement in which this proceeds dopends aa the con: 
ition of the mother-liqoor at the time, and mainly oo the 
poaition of saiaute foreign bodies saspendod io it, which seree 
8 points of deposition of the crystalisation, 

{AE we imagine the position of these Ireely movable pointe 
‘to be determined by a hidden steactare, then frore a chemically 
homogeneous liqaid the same crystalline stracture wll way 
emerge, whenever the liquid contains within it the same 
‘system of points of enptalisation, The presence ofa hidden 
framework of thin kind would be necessary, if the erystaline 
structure were to serves definite mmchnical see. And sa 
‘we pat «hidden framewark avea into the germ ofthe organiam, 
becamse the germ almays allows = machaxism to proceed 
roma. 

‘The simplest way wa can imagine this framework is 10 
‘anrome « mlcromosaic in the germ-oll itself, simpler perhaps 
than the macromoeaic, but of mecesity already containing 
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the properties of the defitive mosaic, elace that can emerge 
‘rom it. The body-mosaie consists of culls which have very 
Aidlrent matedal jropertig Tt bas been unanimouly 
‘sumed that ix the germ there rust be ax many separate 
radisients as there are material diferences in the macro 
monic. ‘This seexs to simplify things tomewhat, For the 
call wat are similar in material in the body-aoceie we bold 
‘oponsible a corresponding framework of rudimenta of the 
‘various sabstances, and ths represents the micro-moanic, 

‘This slation of tha problem is open to objection. Tf we 
try (o picture the microframewark in even quite a simple 
ease, such as Use moc of & chest-board, we meet at once 
with inumperable diticttion Let us assume that within the 
‘primordial stooe there are only two separate rudiments for 
‘lack stooes and for white; it is very dificult to ionow 
thaw to picture the rudizoents of the 32 black and 32 white 
one, 8 well as their alternating poutions sa a square 
oy 

Uwe axe seeking for s material rudiment of the number 
and arrangement of the stones, we are obliged to picture over 
and over again « raicro-framework exactly corresponding to 
‘the final framework. Itt not eouy to see how this can realy 
make things simpler. 

‘Tar mame okie good for aD messi, Even the micro. 
_mopaic of brick staircase, which need contain only oon rudi- 
ment for all the bricks, must reproduce their number end 
‘hele urmangmoent un stepe, if it is to serve aa the marting- 
point for the Snabed stractere. 

‘As T have already pointed out, Drisch's experiments have 
dealt the final biow to all speculations cooceming a micro 
smostic in the germcelle, « moeale which would have to be 
‘yuntiy more complicated in the case of organisms tian in 
hat of simple implessents wach asthe ones jut cited. In the 
germcdlls there is no microssoesic which could gradually 
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spread itmlt over the bulling wines a4 they increased in 
cumber. 

Why fa that, Sn spite of Dich’ dncoverin, men of 
seleace Wi dling to thie Mas of the biden framework: cr 
amlcromesaic in the gerz-cell? Seemingly oaly becaswe they 
are unable to tage a le procem otherwise then 19 pa 
formed by © mechanism. So in the gmecis of u new 
mechani they are cbliged to lock for a hidden eyetem of 
‘mechanic to explain what tes place 
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1k we consider ioce chuely the signs of genes in our 
‘implements (oven if they be merely joins elmting the geetie 
alkingatoars, or other genetic characteristics, tock an the 
vroogh slat on the china plate, or the brashttoite on ail 
pintings, and the Uke), they always tel ms aboot a process 
that io over and dose with, x process having no relation 
to the fonction of the fniabed arti. We learn trom these 
sigan that im the manufactore of an implement cerzin 
together ia conformity with « plan, 

“The same I true ofthe signe of genesis in organisms, The 
smoct sucking, (2. the oavel of mamas, indicaea aa import- 
ant eveat which took place daring birth, But in the sams 
‘way, al the others, tram the mpettion of the same number 
af cervical vetebee in the Maznmaia down to the mirancapic 
\etimitation of the ces one om accthee tell of «ong, 
ecias of procese, Interlocking ix accordance with plan, be it 
‘he proce of ell-ivision, or that of the divaion into germ 
ews, which determices whether an animal is to be of the 
radiate or the DUateral 17P0. 

Direct observation of the gentels of eich animal trom 
the fst division of the germ onwards, confirms this impeey- 
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ton, for the genesis is a proces in which mew pert-proceoees 
oatinually appear in conjanction, or cise reisame axe another. 
‘Tate processes are cazied out ic the Kiving materia} exactly an 
they are in the non-living, when our implements take origin, 

‘Bat if we inguice wheace comes the impetus for the various 
‘Procemee, morphology tells ax that it cannot coote from an 
gent placed outside the material in epace, alace the coa- 
struction takes a centritegal direction, and not a centripetal, 
1 16 the case with Implecents, 

Every process in the animal body is led-up to by & 
bemnleally desonstrable change, produced in many cases by 
‘wtatances wAich we call ferments, peesent only in minate 
Quantities All of which indicates thet we must not reject 
the hypothesis of there being impetas-giving ferments ready 
‘Prepared In the gem, which control the physical at well 
‘the chemical changes daring the genesis of the animal, and 
supply the cause ofall the part-procesis that yo to make up 
the process of development at & whole 

Tt is to be noted that during cell<ivision the ferments 
‘pas from cell to call, and « sorting tales place, o that finally 
there ate cells with only a few, nolated ferments, These fia 
esmeats Introduce the micro-chenueal processes which trans 
oem the Laat resulting ces into the definitive framework. 

‘Tiras fat one s:aple chensieal ypothexis will suce, 
But fundamental tect stands ix the way: the finihed 
el ls not ax independent structare, bot, at soon an #t has 
reached complete development, It Is counected, conformabiy 
‘with plan, not only to its melghboure but to all the ela ofthe 
‘body. This rexuit could be achieved caly if initiation of te 
varlous part-prooemes during genesia went on in perfect 
accordance with plan ; and thia again presoppoces « biden 
Iraniework i the ferments that give the impetea. 

‘While cet division goes on, the formation of tbe germinal 
rean begins, which are to be cansideved a5 geastic builing 
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semen These areas, which aze 20 exactly Sted into ose 
szother, ae no left 9 Bind chance, but ae formed strictly 
in accordance with law. Uf we wid fo make a chee pro- 
‘ea responsible for the formation of the gene bullding- 
ones, we mat sappoe fat cera elle fick their agh- 
‘burs ehezetopialy; this way, we can imagine a hien 
heaieal fasieverk, which might Homibly be adequate for 
a thats reqived o 

Bt chemical framework of this kind, {240 far a ite 
expansion in sce i canceraed, dies {2 90 way fom & 
sechascal ramewerk, and its working i ort a8 automatic 
1 the germ were divi mechanically, the chemi! frame 
‘work would likewise fall into two halves, and, just like amy 
smechanam, would fone, 0 doing, the propia a trame- 
wee. 

The oonchaivenees of Driesc's experiments Ie x much 
guint che hypothesis of a ebecieal as of « acacia ae 
work. It Us quite immaterial whether we Dave before us 
tome bab tgcther By ceil ac by mechanical agency— 
the ebjectios to the monic theory rerio the sama. 
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Ws we may not amume that any mechani o¢ chemistry, 
however delicate ned however fully x apoord with plas, cx 
explain the genesis of the animal from the germ, we must 
ook about 01 fora third pessbuity. 

‘We are obliged to tura ence mare to the mode of gabesis 
‘of or implements, sod to ask whether it is sufficient 10 
‘know the mechanical exd chemical procemes @ieplayed in 
‘the coune of their meaafsctare. Into the construction of 
any-implement whataoever there enter « mumber af procewes, 
ich ae fadependent of oxe another, but which link t0- 
(ether ia conformity with plan. Between the axe thet ceawes 
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the wood, the plane that exootha it and the brash that var: 
fishes ti there any sort of chemical or mechanical cnanac- 
Hon enabling them to podsce their eSect la confornty 
with plan? In the exteroal world is there anywhere, even 
It ft be in the brain of the several workin, a eheceal or 
rmechankal mosale that would jastly us ic deducing by 
ialogy # sitar mosaic in the germ of orgucians? Dosa 
the manufacture of ax implement take place according ¢0 
nately existing pattee, oF doe t rer merely in aoord- 
ance with « pen following « given rue? 

‘We can answer al these questions oot of our own experi- 
ence, Decanse we ourselves are ix n postion to mamafacture 
implements. And we must sckuowtedge that the implements 
‘we ourselves make are not mere creations of the mechanical 
lay of cur maacies, bat ecginate frome actions, i. from the 
‘mechanical pertarmasces of our limbs, guided by our impulse 
sequences, about which we ourselves know sotking. The 
impulses, indeed, ace factors aboot which we are quite 
ignorant ; nevertbeie, they are subject to dente rules. 

‘When we consider the actions of our ielow-nen (even it 
wwe leave out of account the whole qoestian of conscious 
sensatlons) we are obliged to sxsume cxriaio conditioning 
impale, Ifthe plan exprewed in these actions it to be 
comprebensibe 

‘Let 1s now introduce into the germ of the nascent onganlam 
‘the factors {which in the case of developing iruplmnenta come 
from oatalde}, and lt ws recognise them ax primary naturel 
actors; the contradictions dlaappear which woold other 
ri a inexplicable. The whole prociat of geoeis then 
recive it into a is of Independent actions hel togetber 
(a oquipoian by inapala-alen 

‘Tha theory of factors requites 0 Savile, Kden frame: 
work fo meke pluie the plas onderlying the graces of 
‘he mxscent panic. The theory of factor takes this plas 
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‘ont af the framework, malting of it the Sramewoek-forsing 
‘gaat, and tiesto show how, by consistent invasion of the 
‘atari by the impale, i imprints itself Uereen, 

“The materia to be thos wized on by te impulses in the 
tlven mquinee, must, of come, beformative. Asthismateral 
‘uals we may asgget the fermeats, which initiate th chemical 
procrases. But it is caly whea the ipalsn enter into the 
Ferments that these become factoes and the chemical proces 8 
living action 

1s our attempt to picture the genes of un implement i, 
1 manner azalogous to that of an organism, we shall tunafer 
into the germ-brick of our brick stairase not merely the 
acters for the abactate properties of the individ bricks 
(properties such as form, colour and Barist, bat also thowe 
fer the eelative properties, wo as to get correctly the relations 
dt the bricks to one another in the step. To make posible 
the development of the propetien trom their factors, we shall 
Jntrodace« definite mumber of impulses in « definite sequence, 
‘red these will enable the fermentsmateral to release the 
part-actions in accordance with plan. 

Before the action beging, the veparate factors for these 
pertactions lle unconnected side by slde, and this makes it 
pomsible to interchange them with other suitable factors, Tf 
‘we wish to change the red colour of the bricks to be, all we 
inwve to doin to excbange the factor producing the port-action 
{0 red coloration with « factor for blue coloration, In the 
samme way, if we wish to construct am exaker wtalcease, we a, 
replace the factor predacing high stepe for one producing - 
shallow steps. 

‘The compari between the mode of genesis of ving 
crganiams and of implements cas be cared right throagh only 
‘when wa Bave recognised that both are referable to « final 
‘common factor. Even thoagh it be true that the generis of 
Implements bas « centripetal direction, and that of orgesisms 
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‘ cenrifoga, et in the lst instance tla always an impulse 
that permits tbe new mechanies to emery fr both modet 
of gancaa are bare on action, 

Latar 0a we shall bave to ingaire how it is that the 
Images iloence cur setans in the mamndaetre of imple- 
‘ments, For the moment we ae coscersed with ther invasion 
of th gen of living ngs, and thare we recognie the 
preence of u tater buss contig of ferment, which, 
‘rough their relations to the impels, become independent 
{actors ad these Jobasatoa bas called " gene.” As Mendel 
showed, the gres are interchangeable with other suitable 
xen. The poniitty of this exchange depends on the fact 
sot proved nil och later by Drincb, tht im the germ 
thre ia o framework for geaeis. Mende's doctrine, when 
‘nderatood in is fo significance, refutes any mechanical 
capletion ofthe developmental pros. And that is why 
Thave called Mende! the discoverer of the bapetes 





1 we wich to mndertaad acight the conrse that Mand 
followed in ander to arrive at his discovery of the lifefactors 
‘an the ger, we ort frst get quite u clear iden of the charac 
ter.” which he made the basis of hin considerations. By 
dharacter we understand in a general way every property of 
‘an ongazioes that distinguishes its bearer from others of the 
same kind. Every absokste or relative property af cals 
‘and organs may become « character; to extablish characterg, 
there must alwys be comparison. Colour, berdees, the 
shape of the organs or their parts und their positicn relative 
to one another may be alike i two plants or animals that we 
Investigate, ox they may be diferent. Only In the latter 
‘ase do we speak of characters. 

‘Theve are sndividua) characters, which distingoish the 
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fodividens of the same race from one! another. Thee aro 
cial characters, which distinguish the individuals ofthe same 
tnveces foe one another. Ix the same way, there are speci, 
generic and family characters 

Mendel faqury was concerned ealy with radial chars- 
seca: faty, became these cam te transfered in ampimizia 
from one race to another, and secondly, beause racial charac 
‘ere normaly remain pare, ad pess altered from parents 
te eispring, whlch we know ia 208 the case with the characters 
eens tothe lndividaal. 

‘The questions Iying at che bass af Mend’ investigation, 
aly, whether the properties of rguniams can be trans 
fered units om the parents to the ciléen, ould be 
ected only by crowing races, far here there were churaciera 
belonging guite certainly only to the father ot tothe mother. 
In such « case it mast appear whether the propertc, inspite 
‘of thr clove interweaving in te organi, are 1 be segarded 
8 unity oF whether they suteally cow one another out 
‘nd madly eae another. Only bere oni it be proved beyond 
Al qoestion whether the patecaal characters mixed with 
‘the maternal, or whether they supprened ent another, o¢ 
wert interchangeable 

Mendel fcally decided the question in favour of the 
uracter being unchangeable sugsitudes, which meteally 
exclude oat another. Even if be had discovered oxly this 
nt fact, ha wont hare doo slene an izsmoral service, fe, 
Dy demonstrating the constancy of characters, be gave proof 
cf the cmmstancy of the properties of all living organisms 
‘whatsonvm. Biology was shows the uniform builing-atone, 
which Nature saa unchanged forthe proaction of so much 
diversity, a diversity actally based aot on vaziation but on 
‘combination. Here at last we bad in cur grasp a biological 
clement which we could regard es an wnalserabie stone of 
‘he nai, olring ws rn fondation forall ost researc, 
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1 routed only to dismtangie the enparste elements from 
thie iatecacings and intermizgiogs, and from their rom 
total, we should be able to eeprodace Sn the imagination the 
mstroction of rgasise. 

Bat Mendel's dincovery went much further than this, 
1a dition to knowledge of the fundazsetal biological 
‘Gements, it aloo gave us the rules controling thir mppromion 
nd exchange in the germ. The properties ofthe fully grown 
organiam are, as we know, pats on by the male and female 
sex-celia, which possess these properties only in the form 
f rudimests, The competition between the paternal and 
maternal rodiments takes place a early as the fertiaed ova, 
Accordingly we are jostibed ix regarding as proceses ic 
(he germ the results of this competition, which reveal 
themselves in the ofspring. 

‘in his seven famous series of experiments, Mendel proved 
that fe peas, lors, coloc, size x6 position of the organa 
are to be regared as independent character, which even at 
rudiments in the germ, bave beoore invoived in a exapetition 
regulated by fixed laws. Accneing to bis éectine, the pro- 
erties can be divided into “dominant " and“ rwonsive." 
Anrespective of whether Ubey come from the father of the 
mother. The dominant rudiments suppres the reoetve, 
‘without exterminating them, i. in tbe ger of an asia, 
the dominant and recesive redioents have been {2 com 
petition, the fllrgrowa animal displays In its dereopioent 
only dominant peopertcn, but st cemeles expable of trant 
‘iting receaives as well as dominants to its wxcoemert 
“Thu the ofiapeing of the fmt geeration from the erening 
of shore and tal rcea of peas al grow to be tall. bat tey 
‘tain the power of produciog short pee-planta 

‘By eatabliahing thi, Mendel discovered the preseace of « 
1a of sopplantation of the rudiments of properties, which 
‘facts these quite independently of whence thay come. 
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Ont in exceptional cases ace the recessive cadimeats ccm 
pletely supprened, and so prodoce a modifeation of the 
dominate, Thms the ofspeicg of the Diack race ot 
Andahsian fowis ccomed with white are not black, bat 
ae, Sock modified propertioa can sertain coxpstition 
with the rodiments i= the full-grown organism ; but, as we 
shall see presently, they furinh so canetant racial character, 
‘They appear only when the rcesive property shine through 
‘the dominant 

1 the majority of cases, the dominanon is abrolate, and 
ceoreds out the recive ropecty altogether. This excision, 
however, refers cay to the oganiea immediately preceding 
froan the germ. Past of the germ remains unaltered, and 
‘gives the sexual cells from which the next generathon springs. 
‘Ths part ofthe germ, wether it gives rise to male ot feanle 
product contain af fovt both recessive and dominant radi 
ments unaltered side by cide. At maturation of the germ- 
‘calls, there ensues, according to Mendel, « separntion of thn 
competing rodiments, so that, betore crossing, both male 
And female gers-<ells cntala only one raiment for cach 
character of the body. 

For this rewon, the properies emerging motised trom 
‘he competition (ike the Bue of the Andalusan fowt) ae not 
forther inherited as independent propetis, but always appeat 
aly when a fedh coming tsites the rival rudiment. 

It follows from Mendel's demonstrations that all aflspring 
of the first genecaticn, which cores fem diferent rae, 
posse ger-cells, half of wich show paternal, and the other 
Tall maternal radiments. I these sexealle xe croned 
Taphausr, then, according to dhe cole of probability, ene- 
fourth of the sygotes must contain only paternal, one-fourth 
nly suaternal cudiments, while bal contains the competing 
_odicunts from the twe parents. 
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we eal the domlaunt property” 4," the reesive",” 

and the coresponding rudiments “2 and "b,” the whole 

proces cam be reproduced dlagrammatialy as follows — 








‘This diagram gives a fem bass fom which we may dispone 
in 1 consistent fashion of all questions concerning heredity, 
1t will also meat those complicated relations which come 
about when two ar more pairs of carpeting properties come 
Into question, 

It i invariably agtumed that, in the geen, all the rodi- 
‘ments remain completely independent of ene another, and that 
cach is inerited by itself a8 an independent magnitude. And 
trom the outset this disposes ofthe notion of x hidden frame- 
‘work prevent in the germ and connecting the rodiments 
together, Occasional exceptions cennot overthrow the prin= 
‘ple that each rodiment of « property ib to be regarded at an 
‘nependent natural factor. 

‘The nature of Uhese factors slzo emerges from the Men 
delian experiments, which relate not merely to the abyalute 
‘Properties of the indiviteal cell, but alko to the relative 
Properties, Le. to the number and position of the cals and the 
‘organs that bear then. Tt is not only the colour of the peas 
that is determined by a tector; so ako ie their roundoem, 
‘and is depends ox the position of the cells with regard to 
the oxatre. 

howe atiempt to find a mechasical schution of the trans- 
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‘mission of shape roe the geem tothe body, we find curetem 
inthe folowing dilemma. On the one band, the romadaoss 
‘hich in to vise from the position a the ature body, 
can only be refermad to a cceresponding Ridden framework 
Mlectng the rudiment; ex the othe, there can be 0 sack 
feamework if rounders iat is an independent factor inte. 
uageabio with angular. 

‘We ace fut with avery remarkable fact, The coberence 
of the body fassework i nat resident f the ger, Dot aitea 
feom a suber of independ factors having no fim exec: 
lon in space but sorely set alongside oot another. ‘This 
fact seems no less mysterious, if we realie that evry spatial 
reltion of the body is ceated by a pec? proces (fee 
proces). Tt is true that the factor i the germ are not 20 
be rgagde as direct sepresenttives of the spatial relations 
of the body, rations sack as roundoess cr angulaity, bat 
rather asthe agents of these proves which connect rogather 
the rlationsin the body. We may speakof extain snbstances 
a rlexsing the procanes determining forms; bot these mt 
take op a deicite postion in space with raion to one 
other, i they are (0 eflect the spatial canectone, for 
‘we ww af no sabtance that ca farich mechanical unions 
from oat of fe, But the factors have the power to mpart 
to the materia) x mechanical framework by means of 4 forme 
proces, sx there actully are factor for routs, 
angularity,jaggednen, wd 20 00 

“The only agency that pores the mane power to release 
lorm-procee, without its being bound to a defaite form 
in apace, Is the agency of our iexpabes, They alo ar non 
spatial promoters af spat procmses. As, in curetves, 
separate manipuitions waite to form ane action, «0 the 
formative parvactions arange Umselves with relation to one 
‘other until the act of gees i complete. 

T pet cot to sow that logical amas of the facts eae 
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Tiahed by Mendel could alone lexd ss to recognise that the 
‘properties of organisms arise from "*maxipolations “ or pest: 
actions of the germplasm 

‘When Mendel peblished his discoveries, which were to sot 
1 standard for all time, biological ideas were stilt in the 
making pot, The sew way of regarding the world intro- 
doced by Mendel compelled us to analyse every orgasms 
{nto part-actions (mack as ons might analyse an of-paining 
{into bruhstrokes); and this gave biology the chance of 
detuning itll victoriously against Darwinntic material, 
siacn it was now in a ponition to base its structure on elements 
that were ity exclusive property. But Mende!'s discory 
was dimegarded, and biology was wrecked. 

When Mendes discovery was rediscovered in 1900, 
eighteen years after the master's death, it was too late. The 
meaninglessoess of the universe had become a guiding prin- 
ciple. The eyes of sciantie men were blind to all natural 
factors that were not of « material kind. In the pre-Dar- 
‘winian period, two scientists engaged in the study of Biving 
‘things might stil argue as to which propertion of animale 
wer referable to independent part-actions of the germ 
plasm, After Darwic, the assumption that Nature could 
Inatinate actions was uncobitionally contradicted ; there 
‘were thing thece but mechanical and chemical processes, 

Sei long as men listened, without preconceived idens, to 
‘what went on ia living Nature, they could not close tee ears 
(othe peculiar thythes that distinguishes all ving phenomens, 
and constitutes its own peculiar laws. Bat after Darwin, that 
was allover and dove with : life wan without autonomy. 

Let wa make a comparison. Suppose that a very Ulgible 
‘eet of ummic in entrusted to tw investigators to decipher ; 
m the presmateciatitic period sey might have disputed ax 
to which of the tigns were to be regarded ax notes and which 
‘ap chance k-blons, In the materialistic peciod, which knows 
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othing of mal, te diapwte baa Jor all pot, for there 
re 20 notes any imge; ther eating bt ink bot, 

Undontndly i tre that every writen not, rately 
sonulred, is a lak lt, and, as certainly, every Property 
tthe expen han x material bei. Bot 40 600 in the 
‘opertne of ving mater nothing move than Ye expresion 
ff a dace of atoms ie not oxy to be hard cf maring but 80 
be stone deat 

Matters boing 20, {8 is quite ale to try to oanvince 
selentiss with a0 eye cely for mechanical and chemical 
reobieow, that there ace bslgial problems as well.” Bat 
‘we may hope that the younger xo, who are not yet exm- 
rilted by cath to the dog of ratciaian, wil ft them- 
selva be convinced ofthe existace of life fuctor, de more 
cepecialy a contineed investigations have brenght eer 
farther cmnfcratioe of Mendes doctrine. Jemings has 
sows the inimutebity of the peoperios io Peramacism 
right thongh thousands of gracrations, whes all creuing 
seus exo Drimch, in quite a diferent way, an proved 
{hat thr ie ao fasbewark preach i the get. Histological 
revere ao found hat, at maturation of the oven, half 
the cocoa are cast eat; and this is conimatary of 
Mende doctrine, whic tates thal inthe mel the gnea 
ae pled every tina. 

‘Bue tat to che cadleus with ita chremeten which 
‘alone has the power to hand on the genes, was proved throogh 
Bowes damical experiment. Bore acceded in fertiln- 
ing an enuceated vxrchin egg with the perm a x ciflaest 
‘species, and in this way be got offspring pameming only 
paternal characters. 

Fram al sles conirmation and applewnatiry widease 
swore anon forthcoming. which eaxard that the Mendea 
hooey was not toerely called on to set the breeding of plants 
od ends co scare bas, but by creating a ction of 
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Leredity that was generally applicable, could eho throw 
Light on the emential aatore of the whale problea of the 
(genesis of organi. 


‘TIE THROKY OF THE CHNESS OF OaCAITENS 


‘The morphological bubdingstace of all ving being is 
the cell, Every call comasts of protoplasmic cell body 
nd a neces, wich cots the chromoeomes. 

‘From the work of Betacll and busbar we know that 
the protoplasm ofthe cll body cesembie a four, Le. sirac- 
ture consisting of uid partitions enclesing cavitis Sled 
with another fuld. The Seids in the caviies dir fom 
ove another, and this gives occasion for very complicated 
Interchange, which indeces complex physical proce, 

‘Wherever we find protoplasm. we fd the power to 
respond to exterual eects by inability and movement, 
snd abo the power to take op and assimilate foreign sub- 
stances. But we Kaow of no cate where thie activitcn g0 
a without regulation. In all cela 2 rule coanecis thes 
togetver into © comme function. This rule coavets the 
ll ito an independent ceatre Baving an autonomous exist 
coce, Each ool has lex wm set of laws ; comsoqumatly it 
{sa subect, for iis in the matsre ofthe subject to be lw 
fo lef, Therein lee the éiflzence from all machines, 
Tey also have 4 ele which converts thei activity into 
function, but tia rue a veversabjectve; i uy enters 
into the much from withoat, Hence machines wre never 
antooomons 404 tever subjects. 

“The funthe of all eh is twolohd Firs, it awe, 
‘when the call taken up substances from the external world 
‘and suslats thera, The appa webwtances fornia tha 
fel for the wovements ofthe cel, or verve for tbe cal's 
pot, Secudly, the function is animal, whes #trazaformn 
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the infoances of the oats word into excitation, which then 
erate movereats 

‘With this twoteld function, demonstra in the ge: 
call so, third is now nsaciated, which peovides the germ 
call with new properties The wocics with ts zamena 
sabuerves thi ecto. 

Employing # crude bat very obviews comparison, we may 
picture the comotcmes (a. the mace of the gern cll a8 
‘washings, on which the factors foe the absolute and 
relative properties Bang, de by side, ie antes of dothng 
‘which the abject wil put ox, ene by one 

Such x eomparac whch naturally is far too crue to do 
jintice to the complicated process during the gesss of tbe 
snimal body, has tis vale, tat it compas as to divide up 
the proces of gens into a active process an 2 astve. 

“Tals prevents wr fora making the easy mistake of ooking 
con the factors us mere fermets tat call forth the properties 
by ther plpsice-chenical azion. Toe compacion with the 
daments eng on the washingsne thas cur atention to the 
subject, whlch, by the active process of éeming, Gt gives 
the factors te chance to unfokd 

tn the gel of the animal body thee in «unity preset 
that conteis the phenomeace acrending to an atoms 
rule, Tn contrat to what happens with machines, th rider 
reldes within the orgaziam fie. The compari alo 
{ndicates thatthe proces of gecesi divided up into separate 
lar, for enc property, af & e-cntasnd amity, ruin 
fpeclal treatment in efectng its attachment to the subject. 
‘Tham septate actions are implicit i tbe conept of the 
Such ox gue, but can be thoagbt of at apart rom it; they 
are then called imple, sod pint to te higher nity ofthe 
abject whichownds than oc accordiog ot sotonomone ria 

‘A gene o© factor, then, io a ferment activated by an 
scape. 
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‘THE ACTUAL COVISE OF THE GENES OF NEW PeOrERTES 


Unieainiar organiam fer the clearest axarople af the 
resis of nw propertion They represent mubjects clothed 
‘with amly the cout cammtial propertion Bot even the 
simplnt amecba, deapite ita poverty, bat & malice number 
‘to form te fanetinn-crces, What is striking bere is that 
certain of theve properties appear only from tlie o cas, 
ad thea Yanda again 

‘Bat che strikingness ofthis phenomenoe aust not misled 
‘us to overetimate the procesen, and 30 ireagie that all the 
properties of the amatte are thus peretcally coming isto 
xiatence and then disappearing agus. Even in the amaba 
the basal element of the properties sebserving function is 
(ee all the time. The power of reeiving stinsll and trans- 
forming theas into excitation ia ways peeent, and suffers no 
hange at all: but the efectocgans are forcicd anew at 
eccasoa requizes, Before she maria excounters «stimu, 
ito entire markapparates is there compete, and 10 i its 
several power of movement, The only thing lacking i the 
evelopment of special efector to cany out regulated move- 
iments, ‘The properties of shape, consistency and adhesive: 
peat, which the body-plasm wakes into « peeudopodium, 
wat be aroused before the action of the animal can 
begia. 
14 we tum tothe geoess of mmulticlllar organisms for an 
explanation, we may aerome that, from the ehreeneoene of 
the amabe moc, certain ferments are firclibed, which, 
wwhea they are ralesed, call forth by means of chemical 
changes the necomery properties is the plasme-foum. It 
Pomible that the mucous i» comtionally giving of to tbe 
plain « United member of wuch ferment, which Me latent 
‘within I ‘Thie would explain the retried Length of i 
of portions of the amorbe hat are deprived of the aucieus 





THE GENESIS OF LIVING ORGANISMS — 209 


‘The Uberation of the fameats is referable to an impulse 
af the sect. 

“Thee wil always be scenic men who ty to make an 
fave frumewori eapesibe fr these proce, 9 a5 to 
get avy fom the uncongenial notin of the subject with 
Sts impals. 

‘And our seply fo them must be the x framework without 
sn wstonomsow fanetignrale can work only tks a machine, 
snd is never able to repair fue. How cul the repair take 
place if the ele governing that wer st through the breaking 
up ofthe structure? 

Tn the aubject, however, the rule remains alive, fe, in- 
dependent of the destruction of the fasework which it han 
ite created, 

It woud eanbarcas the Dislogical pint of view most un- 
jastifably to uanume that, while te gene of propertin pro 
coeds automatically, thes separ doesnot. Both phenoavena 
take place ncording t0 law, but not autometialy, by a2 
cdered vequence of tapales foc the subject, which Stell 
4s aathing more or les than "law of iccarmation." 

‘Ewe asmume that the properties ofthe paropodin wise 
‘hroogh the release of certain genes, we may concnde that 
the vanishing of the preudopodia and the disppearunce of 
thee properties isthe eect of certain“ ant-gens,” which 
Tikewise ae unde the canted ofthe spas ofthe subject 

‘The activity of the subject, cmssting in the regulated 
ving off of fmpabes, that and the presence of genes and 
ant gene, are quite sufficient to explain the appearance and 
lppearance af the vegetative organs in the Infaoria. 

The interlocking of functioorale and rile of gemini 
‘dcafuas can best be enderstod if we sraise that all the 
‘ale of genes bas to pecfr inthis cari ( coe the fans 
AGoneele every time by exeting the transient pendopatia 
strech as oceasion regres. ei therefore completely ander 
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the rue of function, and, a5 soon as the functlon begins, 
merely furmishes i with the framework i ecks. 


OUTICELLOLaR axDeane 


‘Tals ictertocking cf the two rules, which is characteristic 
‘of onicalalar animals, ceases altogether when we come (0 
‘multicellular, in 20 far as these canst of permanest organs. 

‘Tee life of such animals fats into two distinct parts, In 
‘he Sit, the organs are formed ; in the second, they are used, 
io the fit, the rule of genesis contris; In the second, the 
role of function. Accordingly it is pomible in multicellular 
‘animals to observe the rule of genesis more clearly at & 
given time, since it proceeds quite independently of inter- 
{erence froma function. 

‘The first activity of the fertilised agg conssts in dividing 
‘equally into two halves. Tn the courve of this proces, there 
fest appears, a4 at every later cell-tivision, « remarksble 
apparatas consisting of protoplasmic threads, which meet at 
(hwo nodal points. These points seem, ox the one band, to be 
firly anchored in the cytoplasmic network, and, on the other, 
to be connected with the muciens. The protoplasmic threads 
‘running to the nucleus mast be contracide, for, when the 
chromeseenea spit longitedinally, they draw them apart as 
fr a0 the modal points. To this way there arisa two new 
smucle. Tae division ofthe protoplasm the follows, 

‘The Get divisions of the ogg transdoeen the germ into a 
umber of cellepberules, which are idatcal, for, if wn 
‘separate them from aoe another, they have the power of pro- 
acing two (or even more) independent animals, although of 
‘al the normal ize, 

riesch weceeded in showing in va-wrckin larvx obtaiand 
‘in this way thet the half-size depeaded on each lerva having 
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the seme-aiaed ceils but only half the muber. It fellows that, 
con the exe hand, the number of calls is normally xed by = 
set ouimber of divison-rspatsn, and that, on the other band, 
‘the shaping impukex which cone in inter ae to a great extent 
independent ofthe quantity of matesal furnished them bythe 
vin 

‘The it divsins give a mmber of sila nl, and these 
form 4 sphere which, by taking ep water, beaomes hallow. 
‘As 000 as this sphere has iavaginated aad become «hallow 
Awo-waled ophere, eamackable changes appear in the call, 
“Thows in the outer wall the socalled outer gem-ayer, which 
fumiah the organs of the skin and the nervous system, Jone 
{he power to form whee animals; but each retains the power 
to form the organs tat come from the outer germ-ayer. In 
the same may, the cell of te fer wa, ianer geralayer, 
which fumish the digestive syste, lve the power a forsing 
the cegans of the ostes Layer, Thit ab ols good for the 
‘nls of the layer in between, the mig gemelager, which 
ta meanwhile been aplt 08 trom the others, x ayer which 
‘has the doty of forming the muscles and the boncn 

‘Av toon a8 ger layers bea Tal own, its cals each 
retain only tmited formative power. I bs natural to s0p- 
pore that, in the maclel ofall the cals of each of the three 
fermlayer, toly ooe-thicd of the genes art present, while 
twovthirds disappear by unequal division of the chromatia 
Fase daseved (geno) 

“The tame thing appears Inter oo when the germinal arean 
sare wapped out within the gemical layers, areas which 
tre to produce certain orgusa. As soon at fermi aren 
rmatked off, the calls that componcit forgo the power to form. 
‘he organs of another germinal aren, 

Tt may be taken an a fundamental Sew of genesis that, 
‘when & structere appear, this exduéas the pomr to form 
anything eae. And po, a derelopaneat proonds it a socom 
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‘panied by impoverihment ic formative cells, and this we 
oust efer to the lous of gece. 

TMarough the loss of genet, the eflect of the impulsn, 
‘which manifest themselves ix the individual cls, becomes 
mart and more retried and speciatsed, so that finally the 
afinitive celle of the full-grown organiom retain ia tir 
reserveplasm, which does not enter tate the famewort, 
nothing but the power to furnish that with spetal cell frame- 
‘work in the evest of injury. 

‘An exception to this rule is offered hy the sex-cell, which 
arise from the fit divisions, and pass over into the sexual 
‘organs of the adult unchanged and with all their genes, 

‘The phenomenon of the systematic lous of geoes 18 ab 
important to the course of development of the complete 
sim as fs the release of the genes, which likewise takes 
place conformably with plan. Here also is to be seen an 
invasion by the Impalses according to plan, an invasion 
‘longing tothe general ralody which all the impulses obay. 

To euny of the lower animals the loss of genes isnot oe 
Agoroasly caried out as itis ix the higher. This permite of 
regeneration after exteasive injury, to a moch greater degroe 
‘dun is pomible among the higher animals. in the case of self- 
‘mtilation especially, the cli, at least at cerain places in 
the body, must renain in posession of numeroes genes (8 
eder to wake good the lows. 


rotax srsrexs 


‘Thanks to the comariabie work of Brass, we are ablo 
to get a clearer iden of the way io which the rule of genni 
flecte shaping tn space. 

Hi we cat away part of the homogenous cel-material 
from the gerinal area that serves for the developzaent af the 
‘apetabulam, a socket is formed which ia quite complete bat 
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‘comenponds with the cedection in material, and into which 
the bead of the normally developed thigh-bone does not ft 

‘From this we may condde that the individaal eels of 
‘he germinal area are not of necessity destined to form special 
parts of the bone, but that other exile, which in the ordinary 
‘course of things would occupy other positions, are able to take 
their place, Driesc, i his experiments ox the whole germ, 
draws attention to this fact, and from it deduces the concept 
of the " harmonioes and equipotential system,” in which each 
part can take the piace of every other part without disturbing 
the harmony of the whole. 

‘Moreover this fact proves that each individual call doet not 
-reate ite own special impulse directing it to a predestined 
place, but that all the ces within a geeminal area are directed 
{n common, behaving lke iran-flings unde the infuence of « 
magnet. 

To continue this analogy—a definite polar system of 
" diectives "acting in spece invades the germinal area, and, 
according to the amount of material present, prodoees «larger 
or a amaller bodily structure, and from this, by release of 
the bone-forming genes in the individual cells, there eubeo. 
quently aioe the complete bone. The existence of direction 
points has recently been demonstrated by Speman in his 
remarkable sects of implantation experiments, But he calls 
‘hem “ orguaisern" becatse they have Ube pomer to impose 
their ocganisation upon the sti unierentinted cell-material 
smrrounding then. 

Since at a givea time the same relations bold within each 
germinal area, we can Deeak up the whole embryo into a 
‘Bumber of independent polar systems of diection-point, each 
iatsibating itn om directives, Bat as Braus' experiment 
‘roves, no system ia able to exert an influence on the direc- 
tives of another system, although the work of the directives 
‘proceeds everywhere at « anifor= rate, 
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afore the gerasnal arear are cealy established, vasiont 
changes in configuration have taken pact, and these we oan 
‘korelertoinvasion by polar ayrtens, We shall usume that, 
{nthe beginning the polar ayateras were quite sople, as when 
they indoced the formation of « below where. After they 
Ive established the fundamental type of the biatend of 
amany-rayed system, they Doors moc wad more camplcated 
‘The aystems require to be very complicated that produce the 
eat varity of booy streture. 

The suocenion of the polar aysteras in tne proceds 
scoring to a rhythas belonging to the ergesism ial, 4 
‘yin which changes fram one {ype to another, 


‘The appesrance, daring genesis ofthe polar systems with 
their directives acems to point to a new lacter that escaped 
las when we were considering the genes. But that fs not the 
case, When we consider the Mendelian properties the genes 
of which lie ready prepared f2 the germ, we find Bhat they 
facade aot only chemical propeties, but also propertice 
‘eating to form. We ay contideatly assume that the com- 
poneats of the chroesomes cepresest the genes; but in 
oosidering the material basis of the gencs we must not 
ocget thei non-chaterial aspect, and that les in the impulse, 
‘which follows the rale of the subject 

‘As already explioed, the material basis is probably 
ferment, which in w latest form Wes waiting in the ehromo- 
omen, But, in action, the gene consists of the non-material 
impale, and this itis which activates the ferment, 

‘As regards the chemical difereatiation of the cella and the 
foemation of the micro-tramework, we find no difficulty, but 
‘ry to seler thele genesis to a sip fermentation, throug 
‘whlch the foumy framework gradually auunnes the definitive 


THE GENESIS OF LIVING ORGANISMS ay 
sirvctre of 4 nervecell, « mundsoal a bonecal, and 
te terth. 

‘The diiculty we expecince ia emdecimading how the 
foczrgiving genes work, Us in thn, that lthongh they are 
tied to dete place in cach inva eel, yt they suit 
‘act acconding to 4 system which is not present anatomically, 
though i embraces a. whole germinal arce with many 
Inanded of cla. 

But this cticalty dppear when we rae that ite 
ny the material Bas the gees tat sof neces bound 
(0 4 éebnite pation a apace, wheat thelr sonmateril 
Porton, the imps, jot bond inthis wy. 

‘The nul avaye plays an ative pat, sow tinting 
‘a gene, and now an anthgene. An impalse, which is aot fixed 
to @ definite position in space, may easily be connected ap 
with other impulses into a xystem. 

‘An impuleaystem can alow a whole seis of cals to 
be cmutennooly invaded by « fermentative acon Knding 
tos rrtaia chemical change, To the same way this change 
san eles in the same set of os 2 fermentation which 
brings about a cata change in thir potion thi change 
fn potion prevents no cial, i view ofthe mee foes 
stescure of protopiaam. 1 we nit this, the sien advent 
af che polar prema cee to be incompehensiti. The polar 
spin of dirctng points 's then jas system of impac, 
{in which each gives guidance i « diferet dition ix space, 

Simultancose and equipoteeial impulses of this kind 
most prodoce in « mass of simdar cella differentiation 
‘ith roard to pasion, by prescbing 2 defnite direction 
for the movements of each the rest of which wi be that 
ven fhe mott sorphoas congcceation most take age. 
‘Toe cumber of cls within the mas is qulte somateril or 
the echinvestent of th Sal form and tis si agreement 
Voth the rents deve from experiment 
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(Only a inkceace from vbeix efiects can we say that 
impulses peoduring erder in space as well as in time iovade 
the protoplasm conformably with pien by operating af one 
‘precise spot in the anclews of the call an that particular sab- 
stanoe which alone is capable of reacting to them. We 
ray say that the genes are impulsive,” but by that tert 
we must oot presume a plyscal exergy, folowing the rule of 
cauallty rather, we must understand the powcr to canvert 
fan exteatpatiah and extratemporal plan into a physical 
plimomenon 

‘Tis enubies us to anderstand the pont of view of Bunge, 
who fst made the statersent that“ in activity les the side 
ie" 

x the other hand, Bacr’s theory, which compares 10 8 
amety the laws regulating the genesis ofan orgasin, ait 
1a greatly in oar attempt to understand things, In place of 
melody, we may luo speak of thythen or of symphoay, 
scoording to whether we have in mind the rubs ofthe impulser 
in thie soatianety oi cei soqeence. 

1 mmast refer ance more to the rough comparion 1 
‘attempted to make when speaking of tbe way $2 which & 
subject elotbes itself with propertien, With regard to ita 
functions, the subject in the gerro-cell ie all very simple, 
But io the genes it pomeiacs a very large number of un- 
exploited possiblities which will enable it to expand in every 
icetion. As the pomsibities are made we o, thelr oumber 
‘ecomes moxe and moe cesriced. What tbe mbect gains 
fn shape St luen i fresh lile-poniiiis. Than the framae- 
vwock slovely increases in complexity and sity but it be- 
ota mare and inore like « machine, ad Joes ont super 
mechanical power after the otber, ootil Smaly there is left 
fn each cil only 4 remnant of the protoplasm containing the 
Aemes that vere for the necessary repair, The framewort 
etre Joann formaion. 
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‘With the completion of the framework, function sets in ; 
function which, e5 the oor hand, seems an outcome of the 
inisbed machine, but, oa the other, controle it, for its rule 
{s now substituted for the rule of genesis, and, in accordance 
vith pl, galdes the conse of what happens 

‘While in unicellular animals the rale of geoesis and the 
rule of function simultancooaly affect the course of the 
‘nmprtses, ia mattiellalars here Ss 4 extial point at which 
(guidance of the impulses passes from the contra! of the rule 
cof genenis to that of the rule ef Fonction, 
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‘Before we set about deteruining this critical point, we 
saat consider briefly the farther course of development, from 
the time when the gersainal areas are 1d dove, 

‘We are indebted to Harrison and Bruus for some fana- 
rantal discoveries made from thove final stages. It ban 
‘been shown that the nerves grow out from their germinal 
trea exactly in the same way that amabe send forth their 
hreadelice poeudopodia. It is important to show that the 
‘wo processes may be regarded as identical. Moreover, by 
‘transplanting nervoas germinal areas, it has been demon- 
strated that the genes fumishing the motor nerves are the 
‘sume throughout the entire body; and this considerably 
restriets the number of diferent geaes, 

AE the never that arises from the germinal area of the 
facial hay to take the place of the sciatic, it adapts itelf to 
‘the uttecly wafamilar im jst as well as would the normally 
devaloping nerve. If the ox of the engrafted garminal area 
shave the same genes as the normal arca, itis all one to the 
‘impulse in producing ita eect. 

‘Tals shows ua the complete independence of the impale 
sytem of an ergus from the source of the material oa which 
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it mrets its influence. The impalsesystem merely conforms 
‘to the postion that it takes up i= the system of impulses a3, 
whole, and if in so doing it comes upon suitable aateral, 
‘containing the right sor: of genes, all goes well. 

‘What goes on in the adjacent system is a matter of com- 
plete indifference to the Individual partystem. Thus, after 
complete removal of & nervous germinal area, perfectly 
developed limbe ave successfully een prodoced, which 
‘mere nevertheless entirely destitute of nerves, 

‘The individcalimpale-system is dependent on the material 
only in 60 far as that must yield the suitable genes if the 
system 5 to become manifest. Tt is dependent on the 
adjacent systems only in so far as its fixed postion is deter 
mined by its being set between them, For the rest, develop- 
mest within exch system proceeds goile independently, 
according to the generab rhythm which is prescribed to the 
‘yatema calectvely ; it ial one whether the normal quantity 
‘of material is peesent, and there bo regard paid a9 ta whether 
‘adjacent systems shape structores ia « pormal way, oF pro- 
duce only a redoced organ, of no erga at al 

All of which proves to us the existence of an independent 
natural factor, reprowcting © seifeuntained rule bait up 
‘of part-rule, whieh, oa thei side, arvange the impulses both 
in space and in tie. 

‘Once the impulses are se free, it doce not matter whether 
‘hey achieve a material eBcct oc not ; the rule of genesis 
‘ocerds calmly of its way, and sends forth its impulses 
avcortng to its ow law and rhythm, 

‘The ula, althoug’ it breaks up into separate part 
rules, isin itulf quite independent of space and time. 
‘The impulses that obey the rule, are £xed in space and time, 
‘but in themeelven are alll completely non-material, But, 
since they are attached 10 the genes, they dominate the 
material, fr that is set in motion by the fermentative action 
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of the genes, The gees thamscives represent a union of a 
Intent ferment with an activating izpals. 

‘A pone has very difltent aspects acmding to whethet 
vee regard it fron the seandpoint of plan or of causby. Ta 
the former case, a we ae a impulses which obey an entre 
rateril rule; in tbe late, we se a ferment which products 
certain physical and chemical elect in the protoplasmic fas. 

‘The ges are connected together by Mende's aw, 18 30 
far a this slate tothe mining of the gone, it law of 
probability, pare and simple; i so far a8 it refers to the 
dominance of cern gens, it is a biiogical aw, Thoxe 
‘ass in which the dominance i nt perfet and the recetve 
‘durucier also finds expression (asin the Andalauan fow, 
‘where the hoe fenthers core from a cratog of white and 
ack parents) indicate that both genes are wet. in activity, 
ut for the mot pat, he secssive ferment i blotted oat by 
(he dominant 

1t hep us to understand thi, if we imagine te genes t0 
be heya of plano, only waiting to be struck forall mannet 
of tunes to sound forth. We may consider the aot of the 
score, which arrange fot us the laws of a posible pheserenon 
€ me may laten to the playing, whes the keys lve oat che 
sound according 10 the law prescribed 

‘The sien of descriptive bilogy must be to set down, by 
soeats of a kind of musical notation, the law according t0 
which the genes in various animals sound together or 12 
socceatan ; this acation i imparted tous fom the beeing 
by the favs contraling the sounds emitted by the genes 
fn any animal, the gence of which from the germ we are 
sttmnpting 40 observe. 

The description of the rae of gexetis of some chosen 
cexgunism would represent just such & musical notatioa—bot 
aothiog more. It woald te ws sathng about the rule af 
function in the fal-grown subject, and pothing about the 
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covigina] subject itsell, Tt would be merly the rale of 
phenomanon, giving us 20 information as to the origin of the 
‘plienomenc and ite saqoel, 

‘The genesis of an organism, however, is sot just « masial 
phenomencn. Tn the process of shaping, the fll-grown sub- 
ject filly recavers in fller degree those functions which it 
had in a more peisitive forrn in the beginning. 


‘Tae carmicaL rom 


1 call the critical point that momant wen the subject, on 
completion of its shaping process, suddenly finds itee in 
pometsion of @ framework fully developed and capable of 
functioning. 

In tbe majority of anieeals the critical point becomes 
‘early apparent when the crestare leaves the egg, oF when 
Wis born, In other animals, chrough interposition of 4 larval 
‘period, the eritical point is ant 90 obviacs, This diirence ie 
the result of external circemstances which govern the taking 
Lup of food and the growth doring the proces of shaping, 

‘The functional activity of the developing asimal never 
cetsen altogether, The foamy framework of the protoplasm 
4s fnvolved in a continual metaboliam, and for this it requires 
‘8 toady food-eupply in order to make good the exergy ex- 
pended. The need for food becemes very intense on uctouat 
of the growth that accompanies the shaping. Nutriment ig 
‘uniahed by a reserve supply accumulated in the germ, o¢ 
it in brought by the maternal organiam, or it has to be got 
‘by the animal itself. To the lact case certain genes must 
provide larval organs serving far food-captare ; then the 
‘animal 4s 2 whole continues fanctionaly active throughout 
its development. When the food is furnished by reserve 
substances or by the mother, provision is made by develop 
ment of rpecial food-rostes for the supply of nourishment 


‘THE GENESIS OF LIVING ORGANISMS at 


(0 the individual coll, without tha entire organ-aystem tang 
part i the digesting activity ; for the system of ergana 's 
at that tine busy with its owa devdopment. 

‘The provision of food is regulated according to the re- 
(quirements of the abaping procest, and so is under the control 
of the rule of genecs. 

‘This state OF things changes as soon as the framework is 
‘completed and the fesction ofthe fullyfermed eabject begin. 
‘The majority of animals at this sage aze not yet full-grown, 
Dut need a longer ox shorter time belore they reach thelr 
efinitive size, Indeed, there ame aimals, auch a some 
kinds of fish, that ore never full-grown, but go on increasing 
in site to the end of their lives. 

‘As Wessely bas show, growth dering this period no longer 
cobeye the rule of genesis, bit the rule of function. By operate 
ing in warious ways on one of the lenses in young rabbite, 
‘Weasely succeeded in 40 Jaiuencing the regeneration of the 
een that the new one was sometimes smaller and sometimes 
Jarpee than that of the normal eye. And it appeared that the 
(rowth of all the theues of the eye, and even of the siull: 
bones that foren the orbit, directed ise with reference to this 
new eas, Consequently the fellgrown rabbit had in the one 
cease a larger eye than the normal, and in che other x scaler. 

At we compare this reelt with what Braws found after 
‘reducing the germinal stes for the acetabulum, the radical 
Serence between the two must be obvious to every one, 
Soong as functinn hes not begun, the immediate envireament 
is ot In the least eancerned as to the site of the developing, 
mumber; but if the framework bes come under the say 
of the rala of function, the whole envirouing region monet, i 
rowing, adapt iealf to the gromth of the regenerating 
structure, and kecp yace with it. 

Before the critical point bes beea reached, the impulse 
governing rows follow exciusively the genera) rhythm of 
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the whole germ sccoding to the role of gears, Alter the 
iia point, growth is governed by the rale of foneioa. 

Now the citi point is aot passed by all rpan-yatems 
st the ame moc 5 a especial, the treba of mazmaln 
shows an inportact retardation in its development, On the 
‘other hd, Nil was abe to sbow thatthe roo of the al 
iu rabbit ors eich ove cerebeal beripere had been 
moved at « very early sage, does aot emt, but becomes 
1 tough membease. The sulbbone, the funeton of which 
cooaat is protecting the bra, ix put out of function by 
the recioval of its charge. Conespondingy, itis no longer 
ovemed by the rae of fanctca, but, like every functions 
fsoe is checked in its Geveloprorat or samply absorbed. 

“The rue of geoeia proceeds oa Its appointed couse as 
sn fadependcat sateral factor as far 8 the cribs point, 
but ao further. Tis oates can be zecogaised by morphalogsts 
ftrough the signs of genesis, and these fumish poizts of p> 
part for determining the réationdhipe of animals, Tas cule 
of function, Rowever, ats Uke a new broom, which swecpn 
soma all that is wiles, and retain ely what i necmary. 
1 is al an indepeadent natural factor, which, somording 
to ts own re, beara wha it wiles, check a heir growth 
‘he opus of the sbsldary functincs, even sopping the 
dvelopaent f their properties, bat inereauen the orga of 
the chet tunetlona asd develope them down to their Ist 
etal, 

‘Av organ that functicos has paumed the exitical pont, 
od it ageneratn i, later 00, tia pt out of function. Tha 
oost exact inforsation we have about the degenerative pro- 
mm concn the serves. Accordingly, is very striking 
that, judging fom Nias dscoveren, the central oervou 
spams of the higher animal fren ex exception in thin e- 
pect. The bal omebrum of x young mbit which tas bors 
deprived of a ty servous connection both sith rectory 
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fd eiectory, does not dagrerats, but goce on forming itself 
oroully, ft coatinacs to receive aourishment throogh iatact 
ood.vemel. Tals proves that in the omebrom there are 
Kil preset capales which are xot subject to the rue of fom 
‘ton but to that of construction, 


sunyecrs 


‘We have already lout what ate the characteristic features 
Aistinguishing the fully formed sebject from every machine, 
ChieBy they depend on the sabject being « lew unto ive: 
and thie law of the subject cazries oat its awn performances 
Tut no oounter-performances. Al sabjects have a role of 
fencton of their own, which expres ‘taf ot only in the 
Seamewert, given once and forall, and in the activity thereal, 
but which also is able to repair all feasework within certain 
Yimits; omsequentiy, this rele cepresents a nataral factor 
‘that is continually operative. 

Moreover, all subjects are perfect, because, in function 
ing, they exploit all the properties of their material subgtance ; 
they make no distinction between leading and accompanying 
‘properties ug implements do, the ascompanying propertin of 
‘which apring from the dead material out of which they are 
fashioned. 

‘All Living beings are subjects; therefore all life must 
te traced back to sabjects, and the attempt to derive it 
from any mere conglomeration of fermenting matter must 
be given ap ance for al. 

So far as we can judge at preaes to be alive and to be 
‘a subject mean the same thing. To be a subject means, 
raamely, the continooes control of a trumework by an 
antonomous rule, io contrast t0 a heteronomons role that 
Jess ite efficacy a1 soon 2s the framework in distrbed. 

‘Therefore Uving matter mast behave quite diferently 
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{rom dead matter, even when they both show the seme frames 
work, Thin can be proved vary strikingly by division, If 
44 dand call ia cut in two, the framework is beought to manght, 
and the material halved ; if a living cel divides, bere ewise 
‘the original framework is annihilated amd the material is 
dalved, but nevertheless the subject ix doubled, for ao two 
Wee ales are present, which regenerate the framework in 
Doth hives of the material Through divisioa, this material, 
ike all other, is reduced ; but the rule canoot be reduoed 
Decauve it is an abpolute unity. But nether ean it increase ; 
it can only become suplicate 

‘The cognition ofthis gives us an insight into the remark 
able oeganisation of the cabject, which is built up not of parts 
Dat of whole subjects 

For simpliity’s sake, we have hitherto destribed the 
xl rom which all ving beings are built up a8 a morphotngical 
‘building stone, the beddy and material propectics of which 
pass over completely into the framework of the whole, and 
serve oaly the framework of the whole body. 

‘Thin, however, i not quite accurate, Each living oell of 
the ody remains an indspendent subject, possmsing ax 
aastonemous rule of function. Each ex relains both ite 
vegetative and its atimal fuactions, bot these are now 
devoted to the service of the whole, Like the freetiving 
acuorbs, every living ocll has to capture food, and bas to 
‘earry on raetabolism. Bot the food is brought to it in tl 
‘ody already so well prepared that itis deprived of the fune- 
ton of digestion, and can straightway make the food a part 
of Steal, Like the free-living amesba, every eel of the body 
‘poneasca the power of transforming atineli isto excitation, 
‘and has some limited power of movemeat, In every call, 
hecetore, there is a modibed retlen are. 

‘Accorting to the position that the cel occupies ia the 
body, part of this reflex are is hypertrophied and part de. 
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‘geverates, In the case of sensory calls, almost the whale 
becomes receptor: in the acrvecells, almost everything is 
path of conduction ; and in the muscle cell, i & practically 
‘ll elector. The same law can be shown 10 hold good for 
the ceis ofthe vegetative ongans 

‘Thus each cell remains an autonomons subject, the frame= 
work of which, in contrast to freeiving cll, ininnates itvlt 
Into a surrounding. world whichis telf a object. 

or the sake of simplicity, we have hitherto asumed 
that the subject of the germ isa! is the same as that of the 
fullogrown oxgusiezs, and as merely invested iteit with all 
‘the necemmry property 20 ax to exectise in faller degree 
fondamentally similar Functions. But now we soc that it 
cannot be the same enbject, berate thousands of generatons, 
smbich have arisen by divicion of pareat-cell into daughte- 
lls ducing the interval. fie between the two. And &xaly, 
the fal-grown subject is not merely ooc of the thousandth 
generation, bt embraces all the mulllons of offspring that 
have aren through the thousandleld reproduction. 

If we nt an amaba divide as often a this, and thea, 
‘onnidar all ts ofsprng together, these do aot form a coherent 
subject, but are meray millions of similar ces. In contrast 
0 tha thonsandfold division of the amerba, which always pro- 
ceeds in accordance sith the same lew, the division of the 
seem constitutes quite a diferent proceas It is governed by 
two sats of laws, which direct the individual danghter-cells 10 
efinte places, and, when they have arrived there, compel 
‘them 0 take on a definite form. We bave seen that this pro- 
ean is controled by « series of polar impubsreystems related 
hythaleally. The second set of laws affects the internal 
cchangun in the individual cel-subject, which, ax they ahi 
towards their debnitive position, slowly become poorer in 
jeans, uti} at lat, having reached their gol, they have but 
ce left; thie gene asemmses the work of their inner chaping, 
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snd muhas the invideal subjects breore an e=dving PO. 
tion of a dominating whale 

Ta the amabe even the ultimate ofspring remain fre, 
iE by the word “hme” we mes cat they are wot incor 
porated into 8 framework. 

Now we are toed with the Sotlowing remariaile tact 
‘Ton egg-cull ina subject; every ome of ite oping maine 
a mubject ; and the perfect animal fs abo 4 subject. If we 
regard the pomension of am autonomous ct of function a4 
haracteretic of the subject, the proc, up to this poat, 
appear quite fre tom object. Now let us consider the 
fin divkions mere owely. From the eegeabjct there 
faocrge two subject, same the fest blastomeres These 
can be separated experimeatally: then again we have to 
lndepeent abject. But the conection between the 
two Viastooeres, the sccastricting gam or emg, is 
not & subject, beawe it bas ne unied re of faction, 
‘We have bere snothes kind of unity, formed, not byw rue 
cf fantin, but hy the rule of genesis loa. 

From the fint Hastomeres until the cxspletion of de- 
elopment, the ealzyo isu sity which aries fom a abject, 
its true, ia made up of sabject, and becanesw subject, but 
tel ftw subject. 


[TE MOLOGICAL AND TRE PSYCHOLOGICAL SUBJECTS 


“The contradiction that seems 10 be invelved In the defini 
tion of the subject indicates that we have not yet elaborated 
the idea of the subject suficienty. 

Payebology employs the concept subject for the “ ego." and 
‘undervtands thereby the unity of the process of apperoey 
Hon ; at the name time it ragards the ego as the source of the 
comdered impale. 

From the standpoint of Bislogy, which considers the 
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subject trom the outside, the fst part of the definition is of 
‘no value. The subject of anothers always merely a formation 
of our own apperception: only the peyebelogist who hax 
Introduced himaeé into ancther subject can say something 
‘bout Its apperception. 

‘The second half of the dednition, homever, is bialogicaly 
admissible, for here we are dealing with eficts of the ego 
in the direction of the exter. 

‘Adritiely we Inow something deSnite concerning even 
‘our own impulses only when we, #0 to speak, clothe them 
‘with oar diction signs, The rule according to which the 
Irmpue-sequence proceeds is Ioown to as only through the 
Imelody ofthe direction signs 

‘We can, iis tre, distinguish the eex closing of the eye> 
Wid from chat performed voluntarily, bat only because the 
Involuntary act takes ws by rorprise, while the voluntary 
oes oot 

‘The impulse introducing the wohsotary action powestes 
‘no quality, and we know oft only trom it existence. Every> 
thing that takes place during the action comes to our oon- 
telousness only through the sications of the diwction-lgns, 
Jocal signs and contest sens, 

‘Thrwugh the impulses a change, which f also perceptible 
externally, appears as electrical waves nthe nerves ora cone 
fraction in tbe moscles. On the other hand, the qealitiea 
that in our consiouiness accompany this change call farth 
so watecnally visible changes. Oc this secount, Jor an oat 
ida observer the impalte can be wed as the objective indica: 
tioa, but the quabity can aot. 

‘The impabe-soquence, just Uke a phenomenon fa the 
external world, ia peaived by an outiide obeorver only 
‘rough external indications; and this pemaits of our making 
cexrtis importext comparisons. 

Jn gener, the physilgical ation that proces withoat 
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impale, is called a eex, wheter it be perceived fern the 
standpoint of the ego or from that of ap ontside observer. In 
‘ath cases the res is regarded a8 « machanical proce that 
owe is exstenon to a pepaned framework, The obvions 
consequence of this is tt we ty ta ee to impules every 
tesion that not x rex, 

1 have alnady indicated the dierent types of action that 
swe can ditinguinh in the Me of animals, These are the 
reflex, the plastic actioa, the instinctive action, the action 
thased on experience and, finally, the controlled action— 
which last, however, plays « part oaly in the highest animals, 

‘Tae plastic action bas been thoroughly snaipied by 
Pawlow. He mucended in demoestrating that ic dogn, the 
secretion of saliva and of gastric joice (which are considered 
tefl actions bocase ia human beings they proceed without 
‘a9 impulse of the will) are nevertheless regulatable or plastic. 
Doge whose mlivary section appaared only wheo they 
rnlt food, lennt to vcrte it also in presence of oplical, 
cote © thermal odictins, whery wok invaeahly pee 
‘ceded feeding. 

Accordingly it is possible im this case 90 to modify the 
fixed framework, which reaue the cretion a8 4 rele only 
tehen the latory nerves ar excited ha it becomes located 
‘on new indiatoon, Ta is way the ineatr i frniahed 
‘with new indications, and this ean « consierableinvason 
of the dogs’ world-es-sensed. 

‘We mst amame that in the mark-organ « change takes 
lace whic converts the od retex into @ ew one. This ls 
‘called plastic facnity. In the instance quoted, it remains 
reflex, which presappones « prepared framework. But the 
Iramework itll oux be altered by experiment. The ahera- 
‘ton inthe framework cansot be a reflex proces, end ecard: 
{ingly requires impates 

Taenctve eclona efrd an analogoes ce, We ar 
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{ndebind to Wasmanz for intimate inowodge of sn especially 
typical instance A tle weevil, the so-called “ fonnal 
roller,” after its frst fight settles oo a birch leaf, in which 
‘makes ax incision along s line which we human beings could 
discover oaly with the belp of higher mathematics, Than 
the beetle warks oo tha weing, and rolls the laf together into 
1 cone-shaped bag, which it cles by pashing ‘a the tp, 

‘The whole action develops with unksiling certainty and 
abaclute control both of the anatomical and physiological pro- 
erties of the lea AS soon as te oggs are depouited and 
‘the Bile hag ia vealed, the same thing in done with another 
leaf, when again the same act proceeds with the same rhythm, 

‘These instinctive actions, repeated with the same rythm, 
remind one vividly of the formation of Dighly complicated: 
‘peeudopodia by oertain amar Apart trom dhe fact Unt 
the outcome of these actions ia obliterated again in the cae 
of Che amanda, while in the case of the beetle it persists, the 
rewmblance ia perfect. In both, the action proceeds 
thythmically and is accordance with plan, without any 
mechani being demonstrable, 

Inthocaseet theamerbe we assumed that «certain mpalse- 
sequence conditions the formation cf the peeudopodia, Ut we 
kewise assume in the action-orgas of the beetle the coming 
tnd going of central preodopodia in the protoplasm of the 
brala-eubstanes, the phenomenoe is not explained, itis trae, 
‘butts Brought inte line with Familiar biological processes. 

Plast, intinctive and actin based on experience indicate 
‘that the invasion by the impultes expresses tel in the appear 
‘ance of fresh framework, which then proceed to condition the 
anetlonal issue 

‘Here we are once more treading on frm ground, Now we 
say condlade that everywhere there are genes, which are 
stimulated by 5 dofnite sequence of impulect to abape the 
‘protoplasm in 2 daisite direction. 
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‘We kmom that the whole frarsewock of ll organioms area 
in thin way, and that, when it is Sniched, it begins every- 
‘where to work mechanically wait sullers an Sajory, whea 
‘he impulses set in again at the damaged place, and repair 
‘he framework 

‘fn this way i i posite to being the desired writy into 
the concept of the subject. Proms the subject proceeds the 
rule wbich, lke a melody, binds the genes topetber, In the 
rtoss of organises this i a melody of construction ; when 
the balding is Gnibed, it it a mchody guidiog the working 
of the onganim, and it becarnee apparemtoaly if that Se dis 
lurbed, Thus the subject reveals itll to us frat as an 
architect, and then at a dicector of alana. We ounelien 
ceaperkence oar subject always through the sudizm of the 
qualities which accompany the impabe-seguenccs of oar 
tions. 

‘The roterial plan of the framework in the body of the 
‘oxgenit a thas referred toa non-material pla, which, wo long 
a8 i epresents for a lomd unity, we call subject. 





CGRWRRAL. conctestons 


From this we may dra come conctasioas of a general 
ind. There are material systems that work in accordance 
swith plan; in these, material processes go on strictly accord 
ing to the rue of causality. The material systems are aither 
‘Sead ceiving. The dead systems have aniy a ale of working, 
‘whieh wwe read froen them, but whlch fe quite without efiect 
on the framework. In the living aystems ron sccarding 10 
plan, there is a reciprocal action with « rule which we call a 
rule directing the woeking. This is not w mere formula; it 
Sea natural factor. 

‘The plan appearing ln rales afiectn the material indiectly 
Dy means of the impulses Cansality, 12 contrast to plan, 
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affects the material directly, and requires no impulses for the 
attainmest ofits object, Like all meteral factors, it i ens 
ployed hy the plan to form framework functioning in acemd- 
‘ance with plan, Though we may have establisbed the porely 
‘ctnaal running of « process yet conformity with plan it aot 
herby excloded, for, in what it does, the completed frame- 
work, working is accordance with plas, dots not show the 
iightont departure tra casalty 

Only when the feamework sutlers injury, does it become 
‘apparent whether, is addition to cansality, there ig a plan 
at work, 

‘Two fundamental questions now arise, In addition to 
the plan discovered by biclogical methods thet works through 
the help of impaises and genes, is there snother plan which 
fa capable of affecting the material direaly in the way thar 
conssality affects it? If wo are ging to cal ” subjective" 
‘the plan chat works trough the impulses, the question will 
ron thus, “Ig there < plan in the world other then the 
Dinlogial, or does all conformity with plan arise rum 
abject ?” 

1 think chat some soch conferwsty with plan, independent 
of subjects, ries belore the mental vison of many scientific 
men whea they speak of a mew, formative energy. An idea. 
‘of the kind seems ¢o le at the bass even of Loeb's theory of 
‘opiams. From this paint of view, we might assume that the 
entire woeld cansints of nothing but material properties. But, 
1 addition (o their chemical afinities,chese properties would 
‘do have special biological afinities. From this cmuld be 
Seduced a sort of biclogico-chemical law of formation foe all, 
unzer of frameworks constructed in accordance with plan. 
‘This law would then mean « diect working of plan upoa, 
rateral 

‘At the present day it Js linposstble to decide whether 
theee is a shaping law of this kind. But one thing ia certain, 
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‘iological frameworks do ot arise on this baste, but saaly 
eongh aubjcs, by means of imputces. 

‘The second question i, “How Is the mule of the subject 
afiected by the material factors?” That there is an induence 
of the kind ie certain from the interaction we mentioned 
between function and function-rue, shen the framework is 
injured. 

‘There ia alto & reaction of the same matore ia the case 
of plastic actions, Bat it is qaite asknown in all thove 
axociations which we bring together under the name of 
" wiadom of organisms.” ‘The popelar doctrine of adaptation 
{an totaly unable to reveal these macvelloes inter connections, 
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‘Tos litle bag road op by the fonselrcher beetle exits 
all the properties shown by « piece of Iruman apparatus 
Ig function is not autonomous, but 2 connter-action which 
makes the performance of the beeUe complete, Since the 
bieh-teaf represents dead material to the external construct, 
the bag bas accompanying at well as leading propecties, The 
‘ame may be said of the nests of binds, and ofall the dwellings 
‘of insects, The leas foreign material c wed, and the more 
salt-produced substances serve for the conetrvction of the 
‘house, the less obvious do the accompanying propertias 
become, 

‘Lek us at once get rid of the mistaten attempts to 
‘compare with one anather ianplements sich as birds’ neste, 
and to set up am ascending serica indicating the gradeal 
‘advance towards perfection. Each implement can be judged 
only with regard to its counter-seti for a particular animal, 
and coomquently the inplementa are as accomparsble 
mong themselves ar are the enimala that make thmo, The 
‘pene of bicda, as Heer pointed cot, form merely an external 
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bss fo paretal care, and canbe judged oaly ia connetin 
swith that. 

Atl icoplemcote of animale that we know ab yet, aise 
trough inatisctive actions, iz which neither memory por 
cexparance play the sightet pat. A Sird that han grown op 
in altered conditions and has never Known the parental nett 
rales one for ine! om exactly the same plan ax that which 
covered the est of is parents 

1 is worth emphasising that every part-action,sach as 
the seizing ofthe straws which aze wed to bail the nett, is 
lavarlbly carried out with unfailing surencas; there 4 20 
Dastation or chooring. We do not yet know wiht are the 
Sndleatlons that guide the birds in this 

Fare did paneer expetimesta work on nstinetive ations 
‘when he disturbed the barrow of the digger wasp and inter- 
feved with its care of its young. He showed that, however 
‘well the entrance to the barrow be masked, itis coutidently re- 
ioovered; as won asthe Barow is found, the insect feede 
its larva in the prescribed maser. On the other hand, 
AM the apper wal f the barrow fs inen removed, and the 
inet ia allowed to enter is dweing, which is no longer 
shrouded in darkness, the indications are lacking that fad 
to the feding of the young, and the wasp gives that op, 
even if she be treading on her own lav. 

Tt also seems tha, with bees and wasps, certain indications 
ust appear in a certain order i{ che rhytheical onune of 
these insects! very complicated instinctive actions it proceed 
soccenflly, whether these have to do with the onstracting 
ofthe dwelling ited or with the acaal care af the yousg. 

TRezeatly, to, we have bad some more exact information 
bout the making of the spider's web. But conceaing the 
snoperation between the rhythmical impulbeseqaence cca 
Aitionng the action and the exernal indications which afect 
(hi eat, we remain quite is the deck. 
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To principle it ie quite amaeceaary that the tool an animal 
‘has fashioned should appear at euch ia senicd-werl, AB 
explained, an implement appears in the weeld-as sented only 
‘when the rile governing the couse of the activity in the 
action-ocgan affects the mariergan in some way, and 
there forms the basis around which the Indicutlons arrange 
hemuelves, 

In ts homan beings itis the rae of the wse-functicn that 
Jurnishes the basis foe forming implements, and net the rule 
‘of our own activity i making them. Accordingly, doing 
the formation ofthe organism, the autonorsens rule of function 
‘ets through our apperoeption as the basi for the properties 
of the creature formed. Tt i throagh the rule of function, 
and not through the rule of genesis, that we judge whether 
we have a foreign subject before as. In this way are ex 
plained the contradictions veered to in the debition of the 
subject. 


Coasideration of the fasction-workd of organisms showed, 
‘that the animal-subject isnot to be sought in an ego localised 
4m the brain, bat that the mabject governs the entire trame- 
‘work of the animal body. 

Stndy of the groesis of animals disowd, to onr surprise, 
a new rule, which forms the framework. Karl Emst vor” 
ner, iia tre, recognised that in the development of the 
‘animal body from the germ onwards, « spacial matura force 
ust be active; and this he called “ efor towards a goa! 
Decanse the finished Iramework always forms the aim of the 





ut it was the pioneer discovery by Mendel that frst saade 
it pousble to analyse this materal factor. 

‘As function ia bound lo dete material rgans, a0 is gene 
1s bound to certain material particles in the mucieus of tbe 
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‘germ-ceD, which are called genes. The newly discovered 
natural force works thythmicsly according te a definite 
plan ; thereloce it mast be called a tule. The agency through 
which it materialised itself we called the impulse, and me 
SeatiGed it with the impulse that precedes our own voluntary 
actions, 

‘As soon as the framework is completed and the fanction 
3206 In as & purely material process, the control over the 
‘impulses pases from the rale of genesis to that of function ; 
this comes to the rescue when there is any injury, and, also 
‘with the help of the genes, eanies out the repre; in ation, 
{it controls the growth af the formed bat not yet ful grown, 
animal. 

‘We learn from these facts that, in addition to the rule 
(hat we form with the aid of our apperception when we con 
Sider the working of some particular framework (be ita living 
being or & machine), there i avo a nataral factor that 
works after the manner of a rule; this is not operative i 
{implements but only in organises. 

‘To describe two different things as “ rule of function " 
‘may easily lead to confusion; so we might spenk of a fanction 
‘ule kept in permanence by a (snction-regulater. 

WE we choose to se tht term, them the eubject ix distin 
(Gulshed from uc implement by posessing an atonomons 
fnction-regulator, and it also has an autonomoes rile of 
(genesa; tia, being Whewiee « natural factor, may be called 
ipenesieregulator. Ths the subject, a5 the visible mani 
festation of the union of both these regulators, forme the 
most Important natural factor i biology. 





‘CHAPTER Vit 
‘THE SPECIES 


‘Thr species has its origin in the concept of similarity. We 
say that organiama are sina which aze not quite alike but 
are just distinguishable from one another in certain respect 
1 several orgazm are to be stodied with reference to thelr 
smarty, we choose out a special individual as n sample 
‘and campare with it thovemearet 10 it. Then we go om (0 
Aetermine everywere the jst perceptible dierences, end 
n this way we anite together the whole group of organisms, 
‘When that is done, the grasp appears to ws as a coatinity, 
‘which we call" species." 

‘Within each apectes we shall always find an individual 
‘whic lies mikéway in regard to the total of all the deviations, 
‘We call this the“ typical case,” while those individuals ment 
remote from it in any direction are called "extreme cases.” 

Tes not at once obvious whether a species is product of 
Natur, oc whether itis to be considered merely as 4 meant 
of casfying. Bot alter it had bees shows Yt all ving 
things can be combined into costisuous groupe or species, 
tnd that these are separated from one another by larger 
ps, men Deliered that they wore justified in inte 
‘reting species as specs) products of Creation, whereas 
the individual " variations” within the species could change 
{nthe come of agen 

Te way aataral to go on to suppose that, in the coure of 
‘get, individoal vacations ight drop out, and, at 4 result, 
the originally coberent species would cease to appear con- 
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tinuous, bat woul produce the impression af being two 
species, It is the queationate merit of Darwin to have 
followed out thin idan to ax extrem, with the result that 
all gaps within species are filled in with products of the 
imagination, Darwinism oviid not realy shake the fact of 
the eximence of speci quite distinct fram one anche ; 
0 it contented. ise with ignering the diferesce, on prin- 
ike 

Things being 2, there ino pating an end to the dispute 
‘sta whether the species is purely & mons for clasication 
wcemary for the ystematiing ofthe vast mamber of anizal 
forms, or whether itis the reset of systeratising fore of 
Nature 

But there is no agreement even in the methods explayed 
in defining species, quite apart of their postion vie-A-vis of 
Nature, AUl naturalists highly gited with intuition, and of 
‘heen Goethe was the supreme instance, start fram one single 
instana or” typical case,” group ssnilar astmals into a specina 
scound it, and determine the vasioes deviations with refer 
eave thareto. For such men the species embraces all the 
deviations that branch off fem: the type of the azimal selected. 

Fo fan“ inrsitive* naturalists, the species forms merely 
4 grovp of similar intividals ited by 1 eatain rule 

In both cases it i open to doubt whether the rule by 
‘means of which the specie is held together in merely & com- 
‘xptual rule, or whetber we se in tthe expression ofa natural 
setor, 

‘To the qumtion "Is the species & natural factor? , 
Darwinism, with the malve confidence so chamnctwistic of 
the whole spirit of that time, unhestatingly replied in the 
affirmative, Since Darwin wat extraordinatily litte 
‘ilted with intuition, it saw in the species marly a mixture 
cf properties, suchas ons might Sad in any mase of fermenting 
vmatter. The species, ike the individaal, nnst be eedaced to 
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 prodoct of natural focom acting without regard te plan, 
for the existence of such forces acting in acocdancn with 
design was denied, 

‘As the chance product f the gearal chaos of Natu, the 
species and Lis origin would have become excedingly ux 
interesting, weet not that the pervonal interest which every- 
come tele in the ecigin of the species "man “ invested thls 
doctrine with immense popular 

Dapwinam refered everything to watter and the structure 
matter, and had no eyes for the Biving cootinulty ; then 
Mendlies came, and swept the wce theory away. 


Jobaansen 5 response for introducing the dstizetion 
Detween the appearasee-ype, or plewype, of an organisa, 
and its rudiment-eype, ac geneiype. By this meats, certain 
variants were relered (0 the eBects of the eaviconment 
during genesis, and others to cSmatic and local infsenes, 
while yet others were based on dierences inthe gees, pretest 
{room the very beginning. 

‘Through the method of cattre ef pure Lines {Us of ft 
spring from parents having the sume genes} and through the 
caluce-experiments made on Paramecium by Jennings, who 
raised thomands of generations by the division of a sage 
Individual of thie peck of inhuscran, it has been proved 
‘beyond all qovstin thar the gecotype of the animal it not 
subject to any change. The phenotype is expoted to all 
manner of exteralinduences, whereas the genotype is stable; 
this means that the genes posent in tbe geem. ae inbred 
unchanged, 10 ong as there is no crowing with ober ges 

1K Us expecially satifacory that this sexlt should have 
‘era reached by Jennings, for be bad to depend on i eatily 
in oder 10 apply to the origin of species ia Ine of “tla 
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and ecror” & law, that, of almleas testing in evry direction 
and of" selection ofthe ft“ depending on external cicuan- 
tances 

‘Aa we already Kom, there Wes ready in every geem a 
efnite numberof qoite dente genes, whlch together repee- 
teat the genotype. They themselves bave at yet no Srame- 
work, but, through the oxdered adveat of lmpulses, they are 
sable to prodece it. 

‘Through the erasing of dierent individuals of the amie 
pecies,thete genes are reciprocally exchanged, in accordant 
with Mende's rue 

1 we consider the costing, witha a species, of indvideals 
that vary very muck from one another {as in the fy 
Drosophila arpelople, wich we ino Stora the ine werk of 
Morgan and his pop), we see that, compared withthe sample 
animal, the species possesses a moch greater number cf aes, 
many of the properties of which atsaltely contradict one 
another. As well as genes for all conceivable kinds of eye- 
‘colour, we aio Sind genes for eyelesiness. Likewise there are 
ence foe certain shapes of wings, and others for singles 
eas, and so forth 

Ta spite of the extraoedinary wealth in genes, yet fom 
very costing that yields a living germ thee args an indi 
vidual capable of functioning, which we call a Drospila 
cempaephil 

‘The aun thing appeact within every species. Even 
Purumeciam fone species, the iodivideals of which diverge 
from oon another io every dieetion, and nevertheless al 
‘belong to one unity, which we call specina 

Starting from this fact, the epecies has been detined as 
tat member of diferent individual which, croaed with one 
another, comtinue to produce offspring capable of living and 
of reproducing themselves, 

1 we accept this deSition, then the species consists of 
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suber of individuals, e4eh one of which bas « definite 
supply of genes. Consequently, each species, ax the gum of 
‘MY the individual opus, has a deste treasure stoe of 
nes, which tramicende in a greater or Wa degzce that har- 
‘boured by each individual. 

Now undoubtedly the number and the nature of the genes 
in the individual i oot lett to chance, but ix governed by a 
fixed ral, (0 which we give the mame of genotype, 

The questa aves whetber the speci likewise has 
4 genotype, or whether the boundary of ove species with 
regard to others i decided by the possibilty that, wehea too 
large a number of deviating genes meet one another, an 
sndividual capable of living can no longer be prodcod throgh 
crossing, for exteral, physloiogical reaons. Have we here 
perpetual process of “wil and error” going on, which 
sermetiznes stczeeds and soretimes fas? Or is the specea 
a whole mbich works in azcardance with plan, and is held 
together by 2 Gaede? Eo, whal isthe sarare of this 
rule? 


Mercy from the cncumstance that the process of genesis 
nthe organism proces, a5 wbough confident ofits goal, « 
functioning framevori, we become coavinced that we are 
{ved with contri by & oxtural factor working to plan. It 
‘the development stopped prematurely, or if an inefficient 
beyo corated, we would nat be justied in coming to thi 
cancion, A whole that is incapable of performance it 
meray an eject itis ot even as irplement, and stl Yess 
‘oi an cgi, 

“This ertrion muy be applied to the Men of the subject 
that we mast make for caneives, The spaces, and Men- 
dates confirms this, i cot a mere csiicatory formula 
‘exeated by x0 in order that we may get x beter view of the 





thar the individaals composing it are not in a condiion to 
row sith those of another species. But is the species 40 
‘2 anal product arranged by some pla, ec ia it merely 
‘an object prodeced by mechanical cansea ? 

‘Wo must bring forward proc! that the species ax a woke 
‘expresses life 12 4 oniged way, and that in this cxyestion 
tomebow the arts detarmine the whole and ve whole the 
arta; aod this can be shown oaly if they work in commen. 

Weis not aulicient 10 ahow that there are functioning 
unites, consisting of a cumber of individuals, an in ee case 
fof the family ox the animal community. Sock inatancen 
merely prove that a whole which wi function cam be 
organised trom a number of animals. On the other hand, it 
in no proof to the contrary that we ax yet do not know 
anything aboot what the species perform, for s0 far 20 one 
nas gone into the question 

Strange to tay. thore is only one spect of which wo 
tuoune as obvious that it bas & common task or perforssance, 
fund that inthe species " man.” 

1s enperial, the existence of dack-coloured races of men 
in the hot 2008 and of light-coloured in the cold somes in- 
‘cates that to them all is set the comezon task of doeninat- 
ng” the globe. Sines the individeal haman being cannot 
tdenaitaneounly have a white shin and a blak, it seems ebvious 
to ur that, (9 attain the common ai, there must be separate 
beings with diflereat properties. 

‘This simple instance suggests to us that the divenity of 
Inuividuats within a species cannot be reerred meely to a 
‘whim of chance, but may be conditioed by « higher plan. 

1 we could build up together the function-<iries of ail 
the individuals of one species, we should get the common 
surrounding-woeld of the whole species, and, ix correspondence 
with the deviations of the indiviinals, this would be larger 

° 
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‘and fuller than that of any ose of them. Within this sur- 
ronnding.werld the fate of mazy thousands of individuals 
‘would have fo run ts couree; and thus we should get a glimpre 
‘Into the rations between sarrounding-wedld and species, as 
‘well as an understanding of the meaning of the differences 
Detween the properties ofthe individual creatures, Although 
fetch organism is perfect, in the sense that it expholts to te 
full te means a its disposal, yet the perfection of the species 
is higher, because the limits that are imposed on che individnal 
‘are sifted moch further back. An individual canzot be black 
‘and white at the same time, nor swift and slogeiah, nor large 
fang small. But « species can possess end bring to realian- 
tion contradictory properties simultaneously, Decue it is 
‘ot bound to the function of ene single framework. 

‘Accordingly, the species and the individual are ditferently 
armed. vied-ris of ab the vicissitudes of te external world, 
‘And that, aloog with Ghe increase in the surrounding-world, 
1s the chief reagan for the existence ofthe species 

‘Lat ms aguume that there were no species, but merely a 
large number of individuals canetrocted in exactly the same 
‘way; 4 very imsignificant ciecsmstance might safc to caue 
AD theve oxguninna (0 perth; while otbere furnished with 
Aiferent properties would easily escape destruction, Ou 
recount of the presence within it of many dierent animals, 
the specie is not anaihilated even J certain individual, 
Dailt all alike, be lost. For the animals that survive are 
able to replace those that have perished, since each may 
contain, in addition to the genes for ita own properties, #8 
‘many genes for recesive properties. So the species will 
‘ot find it dihait to male good the los by crossing. 

‘Sexual reproduction verves not merely for the continual 
veurwal of the same individual: for that, simple division 
‘would sufice, as we see it in the unicellular, which split im 
‘two and thea regenerate once more. As Jenzings has shown, 
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this dividing is usaf for Uae iodividnal and sot for the 
species, Hf the ofspcing continue alike Uaroughout. On the 
otter hand, sexual reproduction is there exsentially to the 
(ntereats of the species, because it enmres tbe crsing of 
‘the genes 

Moreover, the extramgaat prodection of young is solely 
in the interests of the species; this perpetually glven the 
species the chance to maka we to the fall of all favounnble 
‘opportunities, and to come through bad tes witbost een 
‘ial ls, 1 the genotype of the species in preserved By few 
survivors, that io suffcimt to secures continued existence. 

The difculty of picturing the specien as comsisting of 
‘merous individual orgazigms and yet being an entire orgaae 
{sm tet, depends cay on the fact that the separne creatures 
do not perform their actions at the aame rate or at the sme 
lace. Let us imagine the spocias ws, for instance, & large 
shoal of fates hunting 2 great quantity of pteropods, and 
flowed in thei tur by 4 somber of sharin. We at once 
‘get the impression of a kage organism, pursuing and pursued, 
‘which now spreads out, now draws together, bere becomes 
larger, there becomes salle, bat fendamentaly remains the 
sume throughout. At one point speed, at another slowness, 
‘8 one point dazk exloration, at another light, here sharp 
sight, and there a keen sense of well uct forthe preservation 
‘ofthe whale, So ong asthe whole retains al cheve properties, 
4 wll cootioe its exiatence anchanged,alUiough that een 
‘ally condts of perpetual Might and pers. 

think there caz be no doubt that every species represents 
veally an independent orgasiam with u character of (ts own 
but endowed with tremendous loogevity. 
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1 same consider insuficieat the picture of the species 
that 1 have brifly sketched above, int them try the following 
‘method, in order to yet it clearer. The cineratograph enables 
1 to consider an anal as a continuous seis, and thus to 
‘my special attentiag to eich one of it wctions. 

Sach serial pictures of animals ausst oar concrete view 
of things very greatly. We can mse them to make a picture 
‘of the species. Lat us take a very common animal, familar 
to us, apd one whose abits we know very well: a cabbage- 
white butterfly will terve. Imagine that all the eggs, which 
iverge feom one another in their genotype, are collected 
together ca a cteular surface. They all begin to develop 
at the same time. Pie up the developmental stages one on 
top of the other lke a rowlean of coins, so that together they 
Torn an opwardly growing stem. As soan as the pherolype 
is ready and the caterpillars hatch out, let thera all crawl 
away from one another in every direction. Now note the 
late ofthe various caterplas with reference to their diferent 
Droperties. Some find the food thet suis them on the cabbage 
leaves, with which they are very closely interadjusted. Some 
‘of the others suceumd etore their numerous enemies in the 
shape ot mite, ichnenmon-Siesor beds, The intersadjustment 
of the eaterpilans visb-vis of these enemies is more oF leat 
Adequate sccarding to Ueix properties, Consequently many 
‘perish. Finally all the survivors pupate at the sume time, 
and tang in x cic acound the original stem, like regalarty 
arranged bericg Again the stages ia the metamorphosis 
are noted in an upward direction, wat the botteries rise 
‘ke a white dood and pass in tomants the centre, where 
they nite in pairs and lay their eggs on « circular surface, 
after which they f6% down like withered leaves, From the 
9g rows 3p the new stem. 
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In this way It is possible to redoce to a form that can be 
visualised the series of cecsrzent changes in the epeciet 
‘This form resembles a plant the stem of which, by chythmical 
‘repetition, Rives off shoots; of thexe 2 great portion come to 
aught, but the remainder unite again to form a new stem. 

‘The greater our powers of visualisation, the better able 
hall we be to make this picture cicher im deta and more 
tue to Nature, 

‘We can also think of this coming into being and then 
‘ying away as though it took place cinematographlcally ; 
then we participate in the shythm, and so get the right im 
pression of tbe species as a rhythmical sequence of acts. 
‘The process of shaping, which folows on plan, and the forms 
ft produces, which likewise operate to plan, mutually release 
‘one another, 

Framework and action are always restricted to the ine 
vidal oxganiom, and only at one stage. that of vextal 
union, is there am inter adjustment that dors not belong to 
the plan of the individual, but to that of the specie. 

‘What shows us clearly that here the apecityitelf come 
fn and determines the ahaping it not the renewal through 
‘ofispeing, but the mixing of the properties 

‘The creation of new subjects from the cich material of 
‘the geues affords the species the presiblity of shaping inet 
‘anew with each generation. Without this, there would 
be etemal repetition; and wo new variations on the same 
‘theae continually rake their appearance. 

‘Were it not foc the perpetually repeated unien, the species 
would bewk up inte Jong, uniform chains of indvidaals; 
whareas, the union of all the chains in juice continually 
revives the unity of the chains considered collectively. 

Moceover the picture of the species enables us to visualise 
‘bow species live toguther and aiicet one anether, and #0 ¥e 
get & glimpoe into the living tiene of Natare; chis was 
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quite impossibie so long as we wae merely considering the 
{individuals separately 

‘The framework and the interadjestments of the individual 
‘rgusiun are in thesuelves so rsanifold that it ix Impondble 
to take them in at u glance. The species 8 4 thousand titnen 
richer than the individual, and consequently Impose 0 
eras a Its entirety, if we consider it merely as the sum of 
‘ea members, We can arive at a intaligent notion of the 
‘cuth only by grasping the species as a unity and confining 
‘ourselves to the ultimate interconnections that bind it into 
fa whole. Then every apecies appears to us as an ingenious 
stracture formed by Nature, the several parts of which, as 
they separate Gom coe another, are perpetually reunited 
‘and renewed by the scxail process and the inter-adjmmtaent 
of the eral organs. 
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The large spice readily all into. groups, which are 
arranged around «typical sample ema, 

‘Arong these sample anioalk, ene cas always be found 
‘hat serves a sich for the whole group. 

Soch grosps, which erly dispy & marked tendency to 
void malaing with one another re calcd rasta We se in 
them the sarting-pots fer the formation of new spaces. 

‘aces axe divisible into peoples, held together, asa rule 
bby geographical cicumstancs, which aford them special 
‘onditions ential for their 

‘The mitimate member ofthe specie isthe family. Races 
ad peoplon muy be dager an subdivisions cf the apt, 
‘but the family i the tre being tome of this elusive natural 
seit, In the tally cocus the mining of the genes that 
snakes ofthe spcin somthing other than the mere reset 
ofthe sae india 

“The fasily forms the vibe exprenion of the species 
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fn it we soe the afoct ofthe contineal recurring tendency to 
tion which prevents the speces Irom falling asusder, The 
family provide that the perpetually renewed reciprocal action 
the treasure store of genes continaes vital and nied, 
1s ehongh the family tat the fllet conceivable eciprocel 
‘exchange of properties sensed 

1 we develop further the picture o the specie a6 I ave 
sestced it, we gat chai than atretcbes away back ito the 
past and fonard nto the fetus, beyond the eye's reach, 

‘To get an idea of the relations of the separate families 
to one another, independent ofthe pbcaotype of the idvidual 
‘nqanisns, we must st, one behind ose another, copies of 
the familar pctore of the iarating genealogical tee, and, 
by means of common ancrstors, ran coneecting Hes trom 
cone tree to the next. We gt in thi way apart, ncend- 
fog, threedimensiona} network, the meshes of which come 
cone another in the most various wags. 

It we wish to add the distibutin of the difeont genes, 
‘we oan imagine that the separate strands Soraing the meshes 
ae made of various coloured threads twisted together, which 
continually separate from cae another and come vogether 
apn, To each spaciea we mest apportion a define sumer 
a coloured threads, which give to tho whole is characteristic 
colour, In tia way we gt a pictre of the sable genotype 
ofthe apace, 

All uch pictares are merely as to our resisted powers 
cf viseaiation ; Bot they aze very important, becaute they 
suit of our itsginig, oo the iss ofan actual mode, people, 
ce ned pecs a separate and yet belonging to one aso, 

However this model be contracted, and however the 
theendsinterwenre, the fanly, which forms the knots of 
the rombes, ia throughoot the tree baliding-stone of the 
whole, People, race and epecen are merely Hinks between 
fami. 
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‘Through Mendel we have lear about the distribution of 
‘the parental gezes to the efspring. Bat the lews accord 
{ng to which the parents nd one anctber in crder to efict 
‘this eistribution have as yet been Lite studied, 1 is here 
‘that sexual selection, o-alled, plays its important part. AB 
‘Darwin showed, the breeder cox step in in place of natural 
selection, and produce new races and peoples within x apeciss. 
‘These artificial races play the determining e6le in thr cane 
of our domestic animals end plants, We may still expect 
(great remlts froma workin this direction, 

‘Avtiicial rages eater cur iuman suronnding-werid in 
‘away that is canformable with plan, Wa areas yet without 
‘the fundamental cue as to the r6le which natural selecthon 
plays in the lle of the individval species; but we can be 
cortuin that some day, when we have taamnt to look more 
lonely into the sarrounding world of the species, oar eyes 
‘wil be opened to plan here alo. 


‘The geous oes not reprmyent a connection between 
families. Nevertheless, itis not considered as a mere human 
means to clssifcation, but as a troe prodact of Natore. We 
‘angoma that the gence depends co the seationship of xpecies 
‘ce with another. Now rationship can be based only an 
tie family. Therefore we assume that, counteas years age, 
separate oflpring arose from ne family, which so diflored 
from oue anctber that they no longer crossed, and in this 
‘way they establinhed new species, As an analogy, the forma 
tom of races is cited, although all tbat we can as yet establish 
{a that certain groups belonging to 4 commen genotype within 
the species dinplay a tendency to separste, Bat, wo for, 
siolutely nothing bas been discovered concerning a common 
Aecivation of the species fox one pair of sample animal 
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‘The assumption of one pair of ancestors meets with auch 
ificalties that, even in the case of races it comes up against 
contradietions. For even in the race the ereasere-siore of 
genesis mach too large to be united in one single pair. How 
suck the leas can a single par of parents contain all the genes 
‘of a the species belonging to one genus! 

But this very real difcalty, obvious thowgh it must be 
to everyone, was cheerfully ignored by the Darwinians, in a 
‘manner il-bebtting the serioamess of the problem. 


‘THR SPRCIRS AS A MEANS TO CLASSIFICATION 


As toon as we regard the species merely as « meus to 
dasifiation, we take yp 1 totally difleeat postion. In 
uch a ese, we ate no Jonge: concerned with bringing into ine 
‘the whole wealth of specie, but merely sek for w group of 
cluractritics that are dioplayed by all the individuals of 
‘one species, and at the same time are typical of this species 
Aone. 

‘This is made posible by the fact that all the inter- 
ungenbie peopertics of the individual organs within 
‘ve species are built up ona stable basis of propertioa common 
‘to them all The species tetonging to one genes have, in 
audition, w smaller stock of properties, which, after removal 
of the grap of characters typical of each separate speci, 
cremains over forthe genus. 

Hf we continue on thoge lies, proceeding to larger and 
larger animal groups, we gradualy demolish the stock of 
Properties, until we came dow to the frst germi} rudiments 
hat devrminn the raat or the bilateral type. 

‘When we start from the species, and ascend to the genna 
land type 26 natural phenomens, the sumber of forms and 
of properties increases with the size of the circle enclosing the 
individuals; but when we corsider the species, gemms wad 
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type as «means to danifcation, the number of common 
‘Properties present in each group diminishes Tais must be $0, 
for, tue mere unlike tb individual, the femer properties Vey 
hav in commen, 

Thyoagh coatesing these fundamentally diferest things, 
‘which unfartanately bear the sare eames (foc specie, gens 
snd type meas both dhe logica) concept and the visible 
phesomenee) it beame pouible to enstrct aniaais with 
properties acquired in purely abstract ways, and these impos 
sible hybrids worn called ancestors. 

Ta this there Ses a fondamental misconception. An 
snimat, even though it be the mast remote ancestor, always 
remains an individual which mest have individual properties 
fvchangeabte with others ofthe Kind in ceasing. But it s 
just thee properties that admit of iter-adjustments in the 
various fuactomcisces 

ow is it pombe to imagine an animal having enly the 
properties ofthe specie, if for instance, the individuals com- 
posing the species are some of ther: winged and some of thera 
ngless 2 fn a cas ke iis quite pombe for the stock 
of properties characte of the species to contain bath 
winged nes and winglew-nes together. Bu, in its structure, 
a living individual cannot simply igore the qoetion ws to 
the existence of wings. Either it has wings, ot it ts not, 
There is 20 thi eernatve 

Tye wider the ciel, and the more dhe temubn increases 
erween wenitt in diferent properte an the ane hand and 
poverty 3 commen properties a the otber, the more obvious 
Deca the impowibiity of making a living individual out 
cf those that, as 4 meane 20 clasibeation,charscterise the 
animal grop. Hw, fr iatance rn {to Saagive an animal 
‘hat is merely fve-rayed, ad bas o other properties what- 
soever? 

Tie pevectly jntfable to sad the relationships cf alas 
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from the stocc of their common propertis, as we might read 
them of 2 measuring rod; but by this meant we lexm 
‘abvclutely nothing about tha methods Nature bas exiplojed 
{in ereating relationships. 


‘ram coLony 


Hitherto we bave conakiered cay sock organisms ws came 
feo an egg, and by acane of egg Rae tise to indpendent 
faprog. “There are alo, bowever, cganisms that do sot 
arise trom independent eggs, but fron, germs that remain 
connected with the mother scganisn, We call ck germs 
"ud." and the orgaiom arising fom a number of buds is 
0 longer an individea, But 2 colony composed of persons 
The most sing instances ofthis kind ar given by certain 
sipbosophores. These multform calnil medasx are com 
ped of series of invidual persons, cach of which bas te 
cowa oxgars for fond-apture, for feeding aed for sexual pur 
poses; but all the percas are enacted together by a 
commen alimentary canal. 

Cofonies compooed of a number of similar persons give 
the impeesion af being 2 unied animal, pouesiog, oweve, 
many mouths, many arms, and so forth. Tho function. 
cices resemble those faa individual aia in all prea. 
They have arisen though 2 definite rue, and have n afte 
tule of fonction. Assrdingy, there ino reason wehy animal 
colonies should not be cll wbject 


ANIMAL COMMONETTES 


‘Animal calonies such as wo have described are distin- 
ished by the fact that the individual persons together form 
fixed framework. It is eagy o imagine that there are other 
colonies in which the individsal persons wre not conected in 
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this way, bat by aa interadjustment that expresses & plan. 
‘Colonies of thie kind we eall commesities. 

i addition, animal communities are charscterised by 
‘marked diflerestation ofthe various persone, 2 differentiation 
‘which also sometimes cocars in colonies, The persons, 
expecially in the familar bee nnd act communities, fal ito 
‘groups according to their special voetion ; and these groaps 
difer widely from one another i= (heir bodily conformation. 
Bach group serves some one function-cizele more particularly : 
thece are sakes for driving off enemies, workers for callect= 
ing the food, and queens serving for reproduction, It is 
{imposible not to see in the community a8 a whole a modied 
‘organism, which has its own fonction-<icles in addition 10 
thoae ofthe several persons. 

‘Nevertheiew, the individnal perons arise from independest 
eas, wich are laid by the queen. Already in the ovary the 
_se0et are distribated in these eggs indifferent groups accord 
ing to the vocation, ex, as in the bees, a suppression of a 
accentuation of certain genegroups & eliccted by means 
of aillerent methods of breeding. 

‘The result is always a2 independeatly fonctioning unit, the 
parts of which are represented by Ihe several independent 
persons. Whereas the organs of the free-living single animal 
ace equally developed in every dizection of the function icles, 
the individual animals of Ube community, as the result of the 
‘common life which robs tem of certain parts of these, are 
‘nw pouition to develop theraives with special rferenca to 
‘one function. The quear-bee can devote herelf exclusively 
to the work af reprodaction, for she is provided with f00d 
‘and protected fram evemies by the workers, Conversly, 
the morlers, rieved of the business of producing young, 
‘can develop with reference to fighting and food.capnive, 

‘This separation of the fonctice-circles goes furthest in 
the case of the traveler ants, The long procession of these 
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Insects, containing various Kinds of workers and queens, is 
covered by a thin vell costing eatiraly of soldier, which 
‘sepport and carry exe another and threateningly tara theie 
sping Jawa, swollen with poisea, towards every cnemy that 
appear. 

‘Seah a community resembles a very Jong warm with a 
hick, tinging skin, and having the stream of food in ite 
Interior distribated by individua? animals instead of by cele, 
In place of its onguns there are large sumbers of separate 
creatures, which move forward on their own lege at the ane 
rate asthe whole animal, 

By this “army ® worm of the traveller ant, Natare bas 
saved us the trouble of constructing « picture of the com- 
‘ounity, with all the individual animals moving at the eume 
place and at the same mite--a picture sch as we bad to 
‘make foe ourselves inthe case of the cabbuge-wlte battery, 
“Hers we have before us in w tangible form the shale com- 
munity as a unified erguniae. 


coxmrenry AND sracees 


[Now we are in & position to compere the commnnity and 
speelet ou concrete phenomena. On tbe one hand wn have 
the pletuce of the apecios as T presented it in thn ease of the 
ceabbagewhite Butterdy; and, oa the other, the picture of 
the community as Nature gives it ax ia the traveller ant. 
Tt is obvions that both structures are bailt ix accordance 





means of w great organisation, In all of them @ rule bas 
Decome inearaate. This incarnation ia wveryebere effected 
‘by impulses, whicis are obliged to subject themselves to the 
rales 

‘We have already lsat that the Inpulies may obey €wo 
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rules; for the rule of gecesis controls the impulses in the 
‘embryo, and the rule of func those in the fullgrows 


save already pointed out the relation betwen rele of 
genesis and rule of tusction, aod I have shown that in the 
mabe both aks together contrat Ue fermation of the 
ptrodopodia, In animals with a frasemerk, on the contrary, 
the rule of genesis olds sway only during the fat portion of 
the ite 

Now Ronx, che planeer founder af experisnental 
embeyclogy, showed that che goul (namely the fhithed 
framework capable of fonctioning) # more certaia than the 
route followed (2. the nrmal coors of evelopment). From 
this we may deduce ap intense of the fenetca-rle on the 
Tale of genesis, am inuesce not yet investigated. 

ewe find it ditieat to admit che inbuence of the one 
re ox the other, let ws remember Dat, i thle very natsce, 
the run are active factors, and so may also be eae e+ 
Eulatoce, Now the analogies for these regulators are tbe 
stught, not Sn the domain of mechanict, but in that of muse 
‘And to we may say that the melody of function infusions 
‘the melody of genesis. 

It a very difiait to viewaie even this mich ia the 
reuized degree: and in consiering the origin of specien 
and community tis at fat wttely confusing, since we have 
to keep before our eyes the inence of three melodies oo 
the melody of genes. The melody of faction, the melody 
of the species and the melody of the community came to 
expeemicn in the arrargpmest and seriation of the polar 
‘yrtems of impabes. The individual orgasion formed 
ring development ic such « wey tbat it becomes & stv 
tare capabic of functioning, becomes at the same tine © 
‘member of the community, and by the mere fact of ita exst- 
ence, forms « past of the species. 
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‘So every individual being, when it is completed, is a 
Product of three rules—the rule of the species, the rule of 
the community and the individual's rule of fonction, All 
three rules, therefore, mast together have been determining 
the rule of genesis, which imposes their arrangement oo the 
impases. 

Reference of the phenotype of the indvidaal organism to 
ts genotype permits us to separate of the rule of he speci, 
and reduce the species to a rule of mixing of the genes— 
ale which I put into concrete form in the image of the 
‘ohisanar network. This rule of mixing, which snpposediy 
fora the fasily, produces individals exploiting a the given 
ouibilities according to the number and quality of the 
‘Properties present, and creates & wideeebracingsorrounding- 
‘world, within which the species 2s « whale continoes te live 
and move. 

The pictore of the species as phenotype, euch as gave it 
{i the case ofthe cabbage-white, may be pictured as stationary 
ri aeton, according to whetber we project tin space cry, 
in space and time. One thing semaine characterietie of 
this picture throughout, and itis that while the individual 
organisms considered show a calective cganisation, they are 
rot connected together by a fenetioa. 

By Uh individad actions the individonls do not partic 
ate ia the collective action ofthe species ia such a way that 
(000 purtaction conditions the other in space apd time; but 
the som of all the parbactios of the individuals forme io 
cach association the collective ation f the spaces, 

‘As oon asthe organ s completely Geveloped, the pheno- 
type of which was determined through tbe genotype given by 
the rula of the species, the influence of that rule ceeses, an] 
the allective action of all the Individuals forms that of the 
species, without farther fuxctional binding together of thet 
ction as individuals 
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‘Aad oo we may sty that, thoogh withont functimal 
sromewoc, the species sts in cakrmity with plas 

1 only by seeing the apecies a8 « ving Cig that we 
ace enabled to wadervtand here being wales which bave 
tuisen in accordance with plan end yet can do without fane- 
tional connection; for hare the action by the whle, which 
ist ful conformity wich pm, arin quite of itself tom 
tha rudiment so nid down, 

a the apeces there ls mo vocatfonal eegaitation, but 
the performance by the whole express tel iectly in the 
Ati of the individuals 

In this reapect the community is exsentially diferent 
from the apecien. The community  dstingushed by a per 
vading Snter-adjustment. fn it the nied action aries 
through & nied rule of function, and the Sunction-cirdes 
ae sharply deined fom one another, ut east i 0 far a they 
relate to the work! of action, For in tally developed com- 
mocities we Gnd beider-persens, who arrange the medivea 
to form @ dwelling, soldiers who Aght the enemy, and workers: 
who see to the commissariat ; Bmally, there are the sexual 
perma, whose busine is reproduction. Theres functional 
Avision according to vocation. Organieation through voes- 
tion i characteristic of the framework of the community 
‘The various vocations ae expreaed by the dierent develop- 
sent of the efector iz diffrent individeas. Occasionally 
‘ho there are voetions) groups in vespect of reseptom 
_rexma for instance, set x8 ontponte hve individual poss: 
ing especially kre sight. 

According to the type of the asimal coommnity as # 
whale, the Ineevasjurroents within ie are very varlouly 
spelalined. Uf there ace vocational groupe of werktce that 
ever leave the dling, thei Teeptan, £2 corespondence 
wrth the rmtietio of the fanction-ie, are méuced so 
to deal only with shove fodeatons that have iaperangy 
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witla the exam ofthe somminity: amog the termite, 
these are totaly Bind werkers. ‘Toe analogy ha is very 
seclLng with te erent develope ofthe els wii the 
framework ofan lndviaal ceatize. We Sd thi fair 
rcs witha he organza cepted inthe case ofthe i 
ian alec of whic te foci cred ae mt 
of thes rape and wre of tex inte 

The anlled bebavons of the eae conatlty 18 oat 
lend, a «tle, by te inerokig of the various ves: 
onl gospe in condocity with plan, without tate being 
demonstrable any wed centre wich, noted by it re 
teplen, wld st in actin ow eae group of agente and 
sow ance 

“Anita canals are contracted, as ru, purty on 
the pine ofcocnation and mca that emotion, 

‘There are, however, cetain exzetions: in the bee 
commmity the qoceh is sometines dented as the Inner, 
fer an has tot only t0 lok alter the proacton of yong, 
a aloha to aow the sarang comity the dct is 
fight take ae the pace om which fhe new clay tal 
sete tia ptt wok! wen, eons by Srila 
‘reve, whose vocation inthis ene at of opin 

We tad is datas evn emeng indie) sninah, 
er tance, 1 ave called so-cina “rebexeept,” 
‘cee, tha asad, ny orp, ech a8 pins and 
petit, have become independent tees pesos, hone 
teulons ar intercomcinated, aod sat subordinated (0 the 
central eros sate. 

1 the bamewert of the inivioal cater, a1 wal 
2s inthe ntenadjstment within the conmunity-being there 
ie a coocinate type of sretare ab wel asa subontinute 
Ta the laws of fonction of the comnley sppreninate 
comey fo ten ofthe nvdoal aar, whereas te core 
scoading laws cf the peste ile Kind, 
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Starting from the shaping proces of the individual 
cepunism, wo perceive that we have before us a predact 
of several formative factors, 

‘We can rightly appredate the movements of » drop of 
‘water an the ripped wictace of a lake, only when we have 
tudied the direction an well as the free of the intersecting 
lines of ripples: fa the same way, the form of each living 
cavature can be brought nearer cur compeebensian, enly when 
wwe have azalyned the ation of the formative impetuses that 
‘on one another within It. 

‘We muy peclade the attempt by pleturing the tormative 
lendency ofeach impetus a8 dominating trely. In 20 doing, 
wo bocame aware of the restrictions imposed on it by the 
othe. 

If we concentrate our attention soleiy an ax formative 
‘impetus, we cannot fail to perecive that, from the standpoint 
of the individual organism. both community and species 
impose ox it restrictions that aze antagonistic to it as 20 
individaal. To the same way also, fom the standpoint of 
‘the specks impetas, we fel the enibarraning restriction that 
‘the damands of the individual and ofthe community lay upon 
that. The sane is tut of the interest of the community, 
‘hich fad itnelf heramed i by the fntereata ofthe bdividaal 
tof the epecin. 

‘These matnal restrictions give m proof that we bave 
Delore us x coure-methed tsune, which cao be comprebended, 
only from « standpolat higher than these worded us by 
individnal, comennity or species. This allemicacing inter- 
‘weaving cannot be refered to any particular formative 
impeten. Here at lst we ge the action of Ue ax sch, work: 
ng tm conformity with plan. 

‘As aru, the atteopt is made to place the interest of the 
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Individual fremont, aod to demonstrate Sts Ssteeat in the 
formation of species and commacity. Actually, there can 
be mrither specien nor comanity withont the individal ; 
on the other hand, it ls posi to conceive of individala 
without species or comanity. 

Bepianing with the salceulars, we sst admit the 
posibity af there being amoog them individuals entirely 
lacking the function circle of sex, reproducing thraoelve by 
fio only, aed i this way perpetually starting alrah and 
snultiplying. Of sock individuals we might admit that hey 
wee, in & seas, imoetal; bat thee imate, thongh 
cartaily to the benefit of the fdividaa, is obvioualy nat in 
(he interests of life. Consequently, each one of them is 
furnished with «special inte-adjustment wrging it to coo 
ivgation and whe creation of new and modited individual, 
which take its place. Through the introdacton of the sexnal 
fanction-ciee, the individoal organises becomes a member of 
the specie. 

‘When individuals are merged in the species, thei in 
moctalty 208 immutability are secrfced in the interests 
cf Me, and this shows that the two interets are aot identical 
Moneover, each orgasim is obliged to take on a new fxctina- 
cir, which i ean pecfctly well get on without. The soxasl 
‘dren requires special eMector apparatus and x special stew 
ing bnaing on special ndlestlons, This impotes an extremely 
heavy bardea on the framework of the individu, end means 
great increase in tha danger it has toro, fora the breeding. 
time the other hunction-crces are forend into th background. 
‘And ths, in the interents of the preservation of the species, 
What of the preservation of the indvidoal ia thrust into 4 
second place 

‘The stamp set on the individoal by the commumity- 
impotss ia difrest. No new fusction-cirde is required; 
x the other hand, the individsal's functioncrces are 
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smacindly altered, and tat of sex Is cftn completely sop- 
rend, as in Che case of sesies workers and soldiers among 
he bees and ants, Which demonstrates, in a very striking 
vay, that ot only is the indvidaal eqganims ale to Dive 
without the sex circle, but that i eves displays an icease 
in ite other functions. When the camarenity selects oaly 
certain fodiviuals for reproduction, the specie inpetns 
becomes suppeesed in the other members of the community, 

Te 6 impomible not to recognise here that three cules 
Interlock in contoty wit plan. 

Ta the suajority of animale, i is only the rule of the 
individual and of the species that take part in shaping the 
orguiso; inal comcrontesu third rule Ss add to these. 
Tn opite of this incredibly heavy handicap, the result is always 
‘ pacecteoafornity with pan. 

‘Aud Ghee le spread ost defo our eyes & meitform 
‘wealth of truntial forms, which we can exly describe as 
conde variations oa the theme of. 

‘Only through complete misapprebenaion have thewt 
transtions been regarded as Inks between the more perfect 
and the less. The central power, to which we give the name 
of“ Lie,” i, by its very nature, fn accard with plan, and quite 
incapable of proving smything vid of pla and imperect, 


‘raz EvoUTo# oF setctes 


eis remarkable, to any the least of i that the Darwinians 
sways speak of the avalation of the individual, but never 
of the evohition of apecien although they distinguish between, 
‘highly evolved sniccale and primitive animals, 

Ttadeed. the extize grealogical tree of animais, which 
wwe wee depicted is zoological text-books, ie wupponed to 
represent an evolutionary sequence from the almple to the 
comples. And Darwinian love to plact the evolutionary 
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ea in the fortcont of their expositions. Way then this 
inconsietent avoidance ofan eveation of the apace? 

tts became the whole anquence of che various apeces 
which palmontnlogy reveals to ut frome the Cambrian up to 
‘he present day, i regarded Dy thers, not as a feproces, 
‘ut as explcabe by chemical, physical or sechanical enses 

‘Variation, according to them, isa chemical proces which, 
‘without any plan, creates crgasiame, from among which the 
stragle for exatence exterminates the unit, Le, thae in- 
‘capable of Wie, v0 that « ection of the tk ected, 

‘The genealogical eee Ss wot rent t0 give 4 picture of 
an ioner growth, but merely the reelt of the intuence of 
external factors, The shape given to tbe animal Kingdom 
st the prevent day is the outcome of the action of physieal 
factors on a chemistry that duplayr 0 conformity with 
pie, 

1 siwply cannot understand how, holding ach view, 
ren can talk of an evclationary idea For the external 
factors can at any moment bacome such thet, by exterains- 
tion of the complex, they make the simple animals the only 
cones capable of living, and thos bring about a return to the 
primitive, 

Jn contrast to the Darwinians, the Lamerckiasa see at 
work an inleroal shaping fore, which, im accordance with 
plan, creates beings that express ht plan, The Lamarckans, 
Uheretoe, may speak of an evettionay idea. But the sigaif- 
cance they attach to the shaping fret {4 peychaogial, and 
40 6 not controlable by an outside observer. Biclogy mut 
lnaist, without gealication, that it shall beso controled 

‘Before examining the scanty facts at our dispel for the 
compcobenaizn of the evolution of species, T must state che 
reasons that incliae biology to speak of an evolution of species 
and ot of en evabtion of indivials 

{have given detailed masons for the opinion that, f the 
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promis of the individ exganiam from the germ, we are ot 
‘dealing with an unfolding —“evolutio™ — since in the 
(pra there is no framework Iylog ready prepared, and only 
requiring to open out in order 10 give the Snisbed animal, 
On the contrary, the germ ad the exbeyo are varied 
structures, which az transfor into completed frameworks 
foaly throwgh invasion by laprse attr impale, working 
in acoordanoe with plan. By the formation of aw folds, 
the simple beonaes complex. Thas we have to do with 
1 folding wp, abd not with an unfolding: with 4" cow 
plcatinn,” and not with an “ explication” 

‘With’ speci it is quite otherwise. There is no auch 
‘hing a5 an anéiished species (ix the way thas there are nn- 
Siniabed single organisms), and there aver has bees. 

It by “ species” we anderstand am association of diferent 
‘ndividnats according to x plan, then such associations exist 
both amoog organisms with complex and areang organisms 
‘with simple framework. The association, ie. the method by 
‘which the conection is elected, is the same in all cases. 
When we consider together simultaacoasly the fanily organi 
setions of animals os they wococed one another, it is aways 
4 chain; when we sepezate them from one another, itis 
sways nctwork, 

The more mumarour the diferent genotypes witha @ 
pecia, the more readily do they sere to split of ito dierent 
‘aoe, which may then lore ew species, 

‘That isthe only thing we can say with moch probabihty 
conceming the evestion of new species. All the reat i the 
work of imagination. 

1 Goes realy mean something. then, when we speak ofthe 
‘evolution of ove species frees another. We are then plctur- 
ling the races as having bees wrapped up within the mpecies. 
(Or the species unfclde Into dierent spices when its races 
spurte fren oon another. 
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One aociation splis vp foto several. The fet, it is 
tue, choded a greater umber of erences within it; but 
4 wan o mace fly Lal together thas howe which «rou 
fom it; WH Bad bees, Ie would Bave beca able (0 bold 
together the greater wealth of variety. 

Tt we try to represent graphically this iting ff of new 
spaclen we get the (amine picture ofthe genclogcal tee, 
Since the specevanncatons are consisted, in conformity 
‘with plan, we may se in the genealogical tee the epreenta- 
ion of «ving phenemeoce. 

1k ls obvious that, by mece spitting of, no bgher com 
ploy can be created. Higher complexity ia no way owes 
Jus ign tothe appearance of new species, bat tbat of new 
Individuals. When the complenty of the indivdale within 
« speces increus, thee comes a moment, KC would seem, 
‘when the bond ne Songer sufies, und races bog to branch 
of, wie ultimately become independent. 

“The inquiry a8 to increase in complexity, thereore, 
must be diceted, not to the apecies, but (0 the individual 
oxgani, 
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‘The enthusiasm with which Darwisians advocate the idea 
‘of evolotion has something abvurd in it; and this is oot 
merely because tir view of the world, etentilly based as 
t-te on physics and chemistry, cannot create the idea of 
fevolation out of these sciences, which are fundamentally 
‘opponed to any evolution whatsoever, It is alo, and chiefly, 
becuase the word “ evolution" expreset just the opposite 
of what it ls intended to meas. 

""Bynlutio,” oe unfolding. clearly means that the form- 
ng of fokin become Jess and Yes. But evolution" is wed 
‘to axprem the increase in complexity obseved in the realm 
of Living things, begianing withthe siaple anata and going. 
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up to the mammals, It is obvious that bere we wre dealing 
swith a complication ; for no one will deny thet in mammals 
the relations of the parts to one another and to the whole ere 
fax more involved thas in the emabe, Thinking of this 
‘transition from the simple to the complex organism, bow can 
sve speak of an evolotion, an saxiolding ? 

1 will at once be admitted that evolution jx perbape 
‘badly chosen terminus technican; for it is customary to 
speak of more highly evalved animals, when what is meant 
is that there isan increase in complexity, 

Bt this ip not carpet ; for when Darwinian speaks of 
‘toe evolution of the individnal, it meana quite rightly the 
ecrenge im the mumber of its folds, Im the Darwinistic 
‘ase, evolation means that within the germ the finished 
nian sirendy ties concealed, just ws the folded bud contains 
the perfect dower, and in addition to growing, hay merely 
to unfold and evoive in onder to prodoce it, That this idea 
is fae does not aflect the prost argument ; it merely 
roves that Darwisiam, bern using the word in its right sense, 
sees in the genesicof the individual a decrease in the folding, 
and, accordingly, 1 simpliicaticn. 

It cannot be denied that, in the same breath, Darwinism 
uses one word ia two opposite senses. When it speaks of 
‘he evolution of the individual, it means simpleation ; when 
ft speaks of evolotion in the animal kingdom, it mean 
ccomplicatlen. 

Tt is noe surprising that the hopeless confusion obtaining 
at preseat (and not only among laymen} with regerd to 
Fundamental questions in natural science, should be the 
‘outcome of this nnconscious juggling on the part of Dar- 








Darwinism, the loglal comsistescy of which leaves as 
snch to be desired as does the accuracy of the facta on which 
it la aged, is « religion rather than a scence. Consequently 
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all argunente levelled against it rebound without effet; it 
i nothing but the embodiment of the iopulue by the hmnan, 
sail to get rid, by every peuible means, of plan in Nature, 
‘The idea of evolution has thes becamne the sacred convietioa, 
‘of thousands, but bas ceased to have anything to do with 
‘unprejuatoed investigation of natural phenomena. 


INcasast ow Coureneey 


‘We tum again to the quastion, “Om what is based the 
‘increase in the complexity of animal forms, which in the eourse 
of ages bas come about apan the earth ?* 

‘As as been shown, this increase cannot be explained. by 
‘the splitting up of species. Soar as we can judge ut present, 
this splitting up is merely the consequence of growth in 
‘complexity within the confines of a species, to sach an extent 
‘hat it becomes incapable of holding together any longer. 

‘The next question in whether tha growth in the complexity 
‘of the completed form of the phenotype within the species 
fan be adequately explained by incease in the mixing of 
(genes in ts fixed genotype, 

There is na doube that the variational extent ofthe pheno- 
type, given by combining the genes in every way posible, is 
‘very great indeed : and indeed, it may be that this exrfche 
iment of the phenctype wichoat change of the genotype may 
lead to the formation of races and te the splitting off of now 
species, What is certaie ig that every mew species arising 
fn this way matt be poorer in genes than wat the mother- 
species. The result of each splitting off is an increase in 
‘specialisation, combined with « decrease in the variatioosl 
range, and this conditions a greater stability in form pro- 
action, 

in the splitting of species we seem to bave 2 division ia 
‘which ther i unbqual distibution of the heritable propertin, 
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while in the genesis of individuals we may also aacumse 4 pro- 
(gestive gmolyss, Both lead to similar results by methods 
‘hat are whey in accord with plan. Jost 23 the fal prodocts 
of th germ, the completed somatic calls, are at once moce 
diferentiated aod poocer in potentialities than. are the germ 
xt, 20 are tbe species that have arisen by splitting off 
more differentiated and Jes rich thn is the mother species, 

‘All of this concems merely the increase of complexity (a 
the pheastype. lt tell us aothing aboot its increase in the 
reeaotype. The genotype can beomme richer only through 
pew genes arking; and as to this we know nothing. 
Kazamerer’s experinents, hich are intended to prove that 
ew genet do arise, certainly give interesting preliminaries 
for elucidating this probiem, but are far fom containing 
saiclent evidence for the settling of anything so far-resching, 

Tria lao pousble to take up another attitade, and suppose 
‘that new genes do not arise at af, and that ic is only the 
snclody ofthe impulse cnquence that changes. If we compare 
‘the genea to the keys of 2 pinto. it is cbvious that all tones 
can be played with relatively Bee material substance. If 
we amume that {2 the germ of the Est living organism were 
preweat all the ferments necessary to efect all the changes 
‘In form end substance that we observe ia the development, 
We might malatain that the difleence between the farmt 
of animal from that time until oow depends merely oa the 
act that only a limived saumber of fermente were naed by the 
primitive impulse sequence of the frst organise, In courve 
of time, the impulse-melodies became richer and more in 
tricate 30 as to create at last the symphony of tre Maramalia, 

‘At the sume time, perhaps, in consequence af the splitting 
off of apecies, the originally complete Reyboand Jest mare 
‘and more of itt notes, 3 that in animals at (he present day 
‘the possibility of shaping new melodica diminiahes as the 
melodies are developed. 
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‘This theory rules out the posibiity of the forming of 
sew geaes—which bas certainly not teen proved ; but just 
cn that ascount it ismarkally simple snd clear, Tt translers 
‘the cotre of gravtyfroan the materia into the lan of Watore, 
sand thereby pues the lite of the invesignble a8 far back 
an pole, to the limits, namely, of what hamas knowiedge 
‘ean teach, Krowledge of confonnity with plan belongs to 
the capacities of our apperceptlon; and beyond the Limits set 
by that tis impoutite to kaow anything. 

‘The apecial advantage of this theory. 1 consider, tas in 
ta putting aside the attriy impoasibie Wea of each mpecies 
‘oc genus having sprung from cae pair of ancestors; fer it 
‘ite outof the question that ene pair should contain all 
‘the gnnes forming the genotype of the species or of the genus. 

‘To assume that the sbaping of wtimas advances ix accord: 
soe wich plan certainly gives a more solid foundation fom 
which to conskde: Nature than does the so-called evolutionary 
dea, which in really Jost a misconception. And we cam put 
‘the more confidence in the idea, sce, by amplifying the 
melody “san,” it leads us forward towards ages far richer 
‘in ponsbiities than those cred by the physical fores, 
‘which at any cromeat tay induce » depmertion of the 
creature that as bees formed. 

Lasly, through the idea of shaping melodies that progrest 
step by step, we come to understaad why iti for instance, 
that mammals sll ahow rodiments of gilkerches, In Gabor 
thene structures become il, whereas in mammals quite 
erent organs wre produced, for the development of which 
the rdiment of the gi-arches seems to us « dttour. 

‘The melody “mammal” did ot are al by ita, bat 
at a certain point branched off from the melody “ fi, 
‘This certainly proven that mammals are related to fiabes, 
but mot that mammals ever bore gil. 2f we ask whether 
‘we ought to regard fahes ax the ancestors of mammals, we 
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nat get quite clear an to whether by Qh word “anoestor ” 
sve mean only the materia! bass from which the wew melody 
esived Ite boilding-material, or whether we mean the oew 
aclody itaell, Ta the frat case, fches are obviously out 
‘ancestors; {a the secoad, they are mecely our relatives, 
{far as their melody of geatale colacides with oxs own. 

Wwe regard the increase in complexity that we see in 
‘the development of each Eving oxpaniam, as the refection 
of the increase im complexity of onganisans in general, we 
‘arrive at an idea that is contradictery to Hckel's biogenetic 
principe (which requires that we have sprang from function= 
Ing, fllgrown ancestors}; we arrive at the 1dea urat the 
melody of genesis That forms fishes, at a certain period in 
certain germs ended differently, and that when thie new 
melody oF rue of shaping set in the new forms arose, 

‘Accocdingly, we introduce an inner cause as determinae 
tive, a cause mich we do ot know, and which we ean do no 
‘more than recognise, a vrt of " farther composition ” accard 
‘ng to plan : and plan we have cocognied as being the eeator 
of life in genera 

Te order to carry on a melody, it in not necetsary t0 
Introduce new notes : in the same way, itis aot necessary 
‘hat new Impaes and new genes should come in. The same 
Ampalaes ean reach hack and sciae on the penes that are alruady 
fprewnt, and in this way develop the melody further. We 
‘may usrame the impulges to be all alike, since they al laplay 
‘the aume activity, namely that of mobilising the genes it 
fn the genes which they affect that protoce the diference, 
Tis alo reasonable to suppose that (he sume genes arranged 
in different sequence may give completely diferent revalts, 
‘and produce new Kinds of organisa. 

‘Admittedly, the foregoing are mere canjectares, for we 
are without any reliable evidence. Bot they move in the 
vane direction as the laws with which oor study of the pone 
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of he individual cpaniom bas made us fanstar, They are 
terface analogies, and in the pecsent state of our knowledge 
we canmot look for mare. Thase analogies have the furthet 
advantage that they do not lead into speculations cancera- 
{ng the existence of imponsible ancestors, bt simply indicate 
‘the given relations. There cam be 0 doubt that the melody 
of geneats in mammals repeats i i openiog measures that 
of fiuhes, and diverges tbeceérom at a curtain point. This 
fs the materia that we bave belore us; we have nothing 
further, From it I conclude merely that, atthe time before 
there were agy mammals, the summalicn melody bad not 
struck up. 

1W is quite possible thot the introtuction of new melodies 
‘coincides with changes in the medium ; but of this we have no 
roof, One thing only 1 assume 2s cersin—that when the 
new melody struck up for the fmt time, it did 20 in the 
vray that we can still observe at the preseat day, when we 
sumpare together the shaping process in two related animal 
forms, That is all one can aff 

‘But itis good dea! for the Ken of am invasion by new 
‘arlodies acomding to plan guts us out of the dificolty of 
ppealing to chance to explain the genealogy of animal, 
“The genealogical tee Becomes a living stractire developed in 
woomdance with plan, and, under compalion trem withis, 
Pecpetually forms new growths ofthe sarae kind. 

T consider that to compare this inncsunge with a poychiec 
alec is merely « sign of the inertia of the powzs of our 
Ihuan imagination, which Is unable to fee tel from x highly 
Aeceptire tendency to anthropamarptone natural proceaa 
If Lamarckism would bat throw off its psychological wrap- 
pings, it would pass over straghtway into the biological 
doctrine of conformity with pax. 


CHAPTER Vill 
‘CONFORMITY WITH PLAN 


1 by bisogy we underiand the doctrice of conformity 
swith plan in the world of living things, we aball alte that 
oie of the fundamental ingsiries of the science must be 
into the anture of this conturaity, Ts the eaaformity with 
plan that we can demonstrate in aD organism, inecpazably 
auocinted with their being? Or ia it merely creation 
‘by uncritical analogy with cur burn lie, perhape incapable 
of matainiag objective consieration, which sets nothing 
trot cansality in all nataral phmomena? There has been 
much ia favour of the second view, and more expecially 
the wane given to cantormiey with plan. Inatead of eccing 
in It mecely & rule pretching cron time and space, men 
suave wpoken of“ purpose "and “ purpouulnes "ix Nature; 
and this introduced the idea of Nature as a sort of human 
‘eing, focenceing foture events and acting acooedingly. 

Bot jost where conformity with pian is esiest to detect, 
we can find ap trace of aay sock Inmantike being It is 
audviahle therelore o diecise trom biology, for at tine, eae 
‘ressnas soch as " porposs "end “ purposetuiness.” What 
‘remains uncactested is the prtsence of x ral i living Nature, 
which reveals Itelf even ix the mechasleal procemes of the 
rmgiaia. The coly debatable question that remtine is 
hia" Is there only @ mechanical law in the word of Hing 
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things ois there also» super-mechenieal lam, Jor which wa 
‘wich to introduce the term ‘conformity with plan"? Are 
‘he process in confermity with plan, which we stady in 
‘the ving world, connected solely with the rules of a 
‘mechanical working that bas been there from the very be- 
slang Fae they exo by rales of eseen etacng 
ot only the working but also is guidance ? 

“To advance as far as posible by means of the more simple 
‘usumption is entice in accord with the scientiGs method 
of thought. But it not scientific to make of tbe simpler 
assumption an article of fith that excludes otber assumptions, 
‘Thoue investigators were right whe demanded of the vitalist, 
“Show vs the point at which a supermechunicel activity 
begins to supersede control by the mechanical, Until then, 
we must refuse to admit a super-mechanial factor.” 

In the cxse of the gmeais of the Living orgeniam, thie 
requirement has oow been met, and as ceatly as could be 
wished, We have dexsonstrated the coming into activity of « 
tuper-mechanical factor in the geass, which are lodged in 
the nuclear substance of the germ, and we bave called this 
laetor " impabe” It only resins now to investigate the 
fleet ofthe ype on tha actions of the fly fared ania, 
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From the genesis of anitsals we have learnt thet the 
(general, fundamental principle fs thie—where new framework 
in focmmd, there a supermechanieal factor is in action 
Accordingly. all we have to do Is to determine in what actions 
tagw feamemork ocginates ; and we art then in « pesitian to 
say, " At this poiat an impulse must comnin.” The pamibilty 
ef forming new famewark is given in every oxpanim every 
where and at all tims, because ie every call pert of the 
snincorporated germinal mbstance remains in the protoplasm 





an ‘THEORETICAL BIOLOGY 


ofthe nude, rm mich th tromework prin ofthe eal 
precede, and may 2 ax) time nui pend 

‘Bruy ees, thrcore, repreunts ct merely & 
machine, which bas nothing but a framework ; but it con- 
sists of framework + protoplasm, which itself has the power to 
torn tr Eemovers hres fo « machen al wets tnd 
tear of ite parts through use must be repaired from without 
ty the diene ofthe action, in the onan thi x done 
by the frameworkforming protoplasm, which, ty means 
‘of this faculty, takes the place of the external direction. 

Histo nigh hve wien the foralafr aren 
Aeten R-MOMAO-E  (Reeplr Ma -nst—~Actin- 
cxgun-Eoctar, bear we were concn aly wih the 
tao woching of Ce ited mewn. Uwe oh (ca 
‘Dine with this the power lo direct the working, we must write 
the tema $MO-AO_E,eceby inating tht very 
ert ofthe eee ecaealy eames under te infeence 
Of the saermechnie fol wcive = Oh otepazs, 
The female ROMO-AOE, scoudagy. nants fr the 
mower wile 151 inde he ews eof 
direction, Tt is only by taiking the two together that we get 
‘eprotce the function te ofthe reex ato 

Now te retex ecto is By no meus the enly actin of 
‘bi mal ae ape atin the ee, all he pst 
of the framework are ready prepared from the beginning, 
and 20 it is only in reflexes tbat the ection completely repro 
oon the ree werting, In a ee ectns, banc 
forming comen in, od thir ommstnten the ety of the 
tmupermechanical factor of direction, Te this case, therefore, 
the "1 must be lade slong ih the flo formal 
eordng to the pola et wc the "I" comer l,i 
te poate to ive © chelicatin facta wich 
tque in he mein wih tn oon tint bh foml 
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For the mike of cleamens, I shall now give the formal 
for the various kinds of action, and T shall discuss these 
alterwards. 
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bee the rete aten MONDE tas been 
oat esa ply eechanel proces, wut tg a 
‘scvount the " direction,” which, here also, is going oo wll the 
time, And agua und aia there have Deca ates 0 
interpret al er actos a ree. Ti uae 
oe Ur Dat, dag very actin, he cone of chat a 
1 aaloal prengpene 0 favkon sang eden, soot 
the eanamlon ef excatin and ia Peer we prey 
‘mocha protean. faa Bumbe: of wees I he peated 
ct that, neato, we bve te ding betwen neat 
fod pena, and that the nervous estes lve raging 
cepdiy trl Forthermre, ee Ge hevou trent 
{ia au bat be compared wih valve. 

ta pte ofa thn very Saly atraed detain the 
tsringrnechation of anima, tbe cine tte ot ike 
fy other machine orn 0 rae of weg edad 
tury rede) eve a potion (oo ot cotincaly 
Tite Sete, Accrdngly te metal image we made ef 
(be bndychine aac facoapte we eee eat 
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the protoplasm and the impulses, which dominate I, and oo 
‘which the direction dewalves. 


‘ae Pome ACTON 


The for. action =RMO_AO ET wich we served 
i onloiuar, s remceabe in tht here the efectos are 
farmed anew ech tne ender cot very eye, bere the Ta 
teton begins. Here, sparen, te tring of framewar 
‘ater iat th action, whether le be the forming of pnd: 
pin in amber oro dgetive epprsie inthe Laer 
1 the cous ofthis, the daca reve elf us wn inde 
deat pres ving Hs owm rhytim. ‘This then i 
Cepreally vbviow 1a the sscoalve formation of mouth 
ferech, es oO case ofthe Teoria. Tae eho 
tected inde, be ot crated, by te excatonprocening 
from the receptors. The impulses bringing about the formas 
‘tion of framework rust be connected together by « rule of 
is cm ito eed peaio, in tht came wy. that 
the handles which an engineer pulls in reversing the levery 
a veme steamengce Dt flow « fed rain Bot the 
irecing of te orgs dor ot ei he has of a being 
vrandog ctsde; if enrnned to te protopnt fe 
sich the whole machine has pocedet bd which, rom the 
intl constructing of thx seen rl fi wa 
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Toe tr con ef nels, carer by retin 
of the ere nt shape ofthe anil 0 aor 
ind by te ewe Wf the acts ela eit, whe 
A peormoce fellow laws ofc, nunc, but not 
created, by the process of exitation. Accordingly, the 
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cxection of the action isnot cunditianed, but plats, And 
‘kay remain pla if the efector have a fie shape, and 
aly the rle oftheir use i iniscosed from withoat by meaaa 
te eactation; in hls cae, the frazarwork cannot be aged 
smechanlally fn the ation-ogan, bat in is formation falowa 
‘he ehythonl a of the fnpalas. 

‘This is typical of the couse of the prooeaen desribed at 
instinctive actions 1 the steering-mechanism of animals, 
“The extraordinary namber of separate rsoveroeats, which ft 
inte ove anotber in conformity with plan daring the couse 
of ex itnctve action, males it dicult, howeve,t0 assume 
‘prepared feamework ia the stecrsg-mecbanion that would 
be adequate to Chase demands. The plasticity sbows inthe 
cnecation ofthe instinctive action males such an asoumption 
‘nponsbe, 

1 now we observe the actions of the funneL-roller Deee 
the lebseurmen-y, we may Oke again and again tat hve 
te indoeaoed by 8 number of exteraal indications, and yet 
proceed according to laws oftheir ows. The number and the 
atore of the indications 6 absolutely scomotable, but tbey 
eed not all become Bective at each action. Since the 
nical Is quite incapable of receiving new indication, the 
taking sp of Indications remains strictly reex and quite 
ron-plasic. The plasticity of tbe actions performed, comes 
about oaly through the asimal baving at its digpoal a lager 
number of indications, and this enables It to accommodate 

vethin n wide range to the exteraal cecamatances that 
‘fle, by altering the shythm of fis action-equeace according 
to the difermace in the indications, 

‘Again we se the two rules <t wack in exer to give the 
setomn thes special stamp, —the rule of workog,cootralng 
themzchaniol couse o the proces lathe ering nechasiea, 
and the rule of direction, wile, by modifying the weeking, 
Introduce platicity int proces thet otherwise would rus 
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automatically. We even call our own actions instinctive, 
‘when a seca of movements in caxlormity with plan are per 
formed by us acceding 2 « lw of their ow, vehich adapta 
itself 0 the external condisins withoot being attomatie 
‘ram maxne sco =B-MO!_AO_E 
t ToT 

‘The plastic action, in the narrower see, refers only to 
Ie plasticity of the mark-organ, while the course of the pro- 
cate inthe actoworgin 9 rex. 1 would remind you of 
the dogs in which Pawlow mansgnd to connect the sortion of 
saliva with new indieatons af an optical or acoustic nature. 
1 thie case abo there cas be no doubt that new frusework 
appeera. The prensmption, of course, is thatthe Indications 
ought into fresh prominence were already there, But 
here is introduced a new kind of coonection Betwoen these 
fndkations and ellector procases not hitherto vader thelt 
induence. 

“Tae plasticity i this ease opens, not oo a mere in: 
‘twencng ofthe cyt ofa ven impalee-eies, bat on the 
Jntzodoction foto this law of enplaes hitherto unused, Not 
ruerely i the rule of wanking governed by u rile of cretion, 
Dot « mew one makes its xppearance. tn mich 2 cate, alter 
formatin of the pew framework in the mark-ogen, thi re 
uy withdraw, leaving behind it merely a new rex action 
‘evidence of x plaiciy that ance was there. 


%_MOI_AOT_E 
{Rae ACTION BAsxD ow ermamce = ott 

‘When, by whistling to his bullinch, a boy gets It te pipe 
‘a new ane by ited, that is an actica of experience on the 
‘part of the bollfinch. It ia characteraed by there arising, 
‘aot merely x now combination of Indications in the mirk- 
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congas, but alto « new rule ia the actionargan that controls 
the maces of the syria. Accordingly, formation of Dew 
Framework ‘has come in both in the mark-organ std in the 
sction-orgon ; so we may assume an invasion by impalses. 
‘The plasticity of the action based on experlence bears 02 
the direction itsalf, and not merely on the rae of working, 
‘a it is im the case of the instinctive action, which is rubject 
toan unchanging directa, Asa reslt, the instinctive actin 
appears trom ft very inception folly prepared, whereas the 
action of experience must be learnt gradually. Simple actions 
based on experience, f often repeated, may become reflcxte 


‘he busch a Bas en to pipe new ae forgets 
fe nga Ci ie premaed from Dearing omni, 
Tain democnzaes the neoeity of conrling the atial’s 
com efectos by its com receptors. The conta ation it 
fn tction based experience hat done not tnoe 4 eer 
and then run untnticly. On the contrary, the rele 
tf dwcon in theasim-rg rei fo have i ning 
continuo cotrlled by Use marion; und, a oder 18 
deveip ito rater perzezene, the eof cretion that 
has teen newly farmed inthe maricrgas has need of the coe 
Give infec of the re of working in i atone 
“To gasp thee complicated combate uel to make 
dagen of the steting-mechaniom of a ple controled 
tetion, —Q—O-r ie the dng of the serings 
mechani oT gave i whe: desing the tention. 
COROT ic that of the storing mechanam when we 
ave (0 do wit a contre action, 2 which th ifotce 
othe cis om the renter coma ei the body, 
tu heppeas nie cate of Boing to net own agg. 
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Mach tore fequeaty the canted czar inside the body. 
Hee there ae two cases to Be dlstiogasbed: either the move- 
iment of the eeetor maces is recived by special sensory 
nerve, the accompanying diagram ndiate. : 
oc eae the exletion conveyed 10 the elector nerves pat 
tally taken ap by special central reptors and conducted 
back tothe markorgas -—Q=Oy* . These receptore 
form the cetral ene organ of Hell hick, ezatomialy 
speaking, stil undlacovered 

Tn the tmman being all thre kinds of receptor occur 
ve han the power of coszoling is ows movemests, Srl, 
by the eye or the sanse of tomch ; secondly, by muscular sen- 
tations; end thirdly, ty deection alga, 

Our ignorance of the relations of the central receptors 
Prevents any dealing with thelr relations to the organ for 
firing diesicn fa spc tt Se a the weanleesar canals 

I sball being together all controlled actions under che 
coma frmiia B-MOFZAOT _E. 


ux azczrroR ACTION 


Ut E-bay before « dranghtsman az uniamiliar erabexqe, 
and after it has been taken away, be ig able to copy it, chat 
i un action based on experience, essentially indistinguishable 
fom the imitative piping of the balbénch that has heard 
anew tune. 

‘The draughtaman, however, mist, in receving, execute 2 
movement, and thit makes bis action more dificult. In 
listening to a piece of masie, the bearer oes net have to make 
‘any movement, whereas the craughtuman, as he chocrves, 
‘uoves hia eye to aad fro with bis eyemuscle, +0 that his 
Glance follows nlong the Ine of the arabesque ; and it in thin 
<cectng ofthe sight that mst be formed anew like & melody, 
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Iie ls to be ina pattion to put the arabesque down on paper 
‘on his owa account. Just as the melody ix decomposable 
into separate notes, 0 the Line may be broken up into separate 
Giretion-eteps. Just 28 the notes commect up together into 
‘melody, 20 the direction-steps connect up into Tine. The 
Airection-stepe forming the line of aa arabesque or the outline 
‘of some object are exactly as objective as the notes proceeding 
‘from same source of sound in space. 

‘The receptor actin which form merely the introduction 
oan action based on experience or a controlled action, com 
sista in furnishing melodies of directionsteps in the mark~ 
‘organ, melodies which then inflcence the action-organ, 
‘The forming of the melody of direction-teps is of very great 
dnterest, Because usually itis associated with the excitation 
‘coming stom a reeeptor that itself e moved to and fro through 
the subject, as when the eye or the finger "fees." Here 
subjective and objective Indleations ere bound together into 
‘single anity. 

‘There appeurs to be a contradiction here, I have just 
‘been emphasising that the direction-teps of which the line 
is made up are indications as objective as are the notes com- 
posing the melody. In Wee manner, the optical stipulos 
‘proceeding from the Black colour of the erabeaque is 
lundcabtedly alo an cbjective indication ; ut now the 
line appeart to be a subjective indication, because it 
‘area throngh the movement of the eyesuusdes of dhe 
subject. 

Te the oye were mechanically coantcted with the arabesque, 
and if the mormnent of the eyt automatically followed along 
it, then each step that the eye made along the line would 
‘undoabtadly be an objective indication, as soon as it becanme 
teanuformed into excitation by a corresponding efector. 
‘Ths eye, however, follows the Line of the arabesque by its 
wa muscular mavement, Tn doing 20, it proceeds also step 
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bby step, and each step forward that it makes is taken up 
by it as an indication. 

‘Since, however, the steps that it takes follow a ine pre- 
‘vented from without, Uey act a1 en objective indication, and 
‘can anite with those that are optical into one that is objective, 
‘without there being anything left over. 

‘The diagram for the steering-mechaniem of a receptor 
action would look like thie — TFO-O. 

First we see the receptor. which is moved by the receiving 
‘flectoc. Tht receptor transmits its excitation to the sourk- 
‘organ, while the receiving effector gets its excitations from 
the action-organ. These excitations are in part tumed off 
from a central receptor, and sent to the mark-organ, where 
they arrive ia company with the waves of excitation process 
ing from the receptor. 

Un the general formala for the action based ox experience, 
‘the receptor action does not find expremion, because this treats. 
all the receptor effects in the same way. 


[THE OAPULSE NC TRE ERWOUS FeETEK, 


We have leamt about the invasion of the germ by the 
‘aapales, and we know tbat they affect the genes which lie 
all together, side by side, in the nucleus of the fertilised egg- 
‘el, But where do the ‘axpales invade the completed animal, 
‘when it pertorma an action ? Even if we restrict the invasion 
Iaere also to the genes in certain cll, we still have to inquire 
‘whe theve oils are to be looked for. The formle fot the 
sujenity of acts reler as to the two osntral points—ibe 
murkagen and the actiocoras It ia hem aocrdingly 
‘Dat we mut look foc the eas ia question. 

To determina oo Chae cell } must fevt gn back fo what 
ssid in the section desing with the theory of indications, 
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ccmenrning the strectural principles of the nervous system 
‘in animals. Every atiualas thet reaches an animal affects it 
in the aaa way—a wave of excitation arises im a nerve. AD 
‘waves of excitation are qualitatively ali, and do not permit 
of our distinguishing between stima 

a the other hand, all the mxve-tbres of the animal 
are Wbolated. Each receptor nervecbre ends in u receptor 
centre, The isolated necve-Sbre with its omtre may be 
esctibed a8 an independent nerve person. This amangement 
makes it pousble to distinguish from one another as many 
‘Mima as there ace nerve-pecsons. Now every muscle and 
‘every gland is connected with a nerve-penoa, If we eunalder 
thie arrangement as a whole, we ace that, ob ote hand, the 
Ponaiility i offered of summing up any chosen combination 
of simul by catting oot certain receptor nerve-peraons, 
and, on the other hand, of making every sort of narvout 
combination of the muscles and glandular structures, the 
Activity of which then gives a unlBed response. 

‘The binding together of the serve persons is elected by 
etahaped nervous connecting router, The neveperios 
themselves are merely representatives, a within the body 
they transmit, on the one Rand, the stimeli (0 which it Is 
srubjected, and, oa the other, thove which it Iuel exert, 

1s the mark-organ are ited the receptor represcatatives 
In the combination characteratic for each anal, and in 
‘the action-organ are similarly combined the effector tcpre- 
seatatives, 

‘Te combinatinns of representatives are oo arranged, that 
‘thos of the main reeptort are mnited into speclal groups, 
‘and thom of the main efsetors into others. The groupe of 
‘perve-penens may aguia bave a epresentative of their own, 
‘which we may call their captain ; and the captains may be 
united inte groops, represented by an sdjotant. 

It we consider the whole body of representatives (of the 
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receptor as well as of the effector side) cach a8 single base 
oa which the captain or adjutant forms the apex of & 
Pyramid, we get, at our picture of the whole, a number of 
Pyramids, arsing from a commcc base, and coming together 
by thelr apices, 

U now we connect each receptor captain or adjutant 
‘with 2 corresponding elector, we get, as the exprewion of 
the wecring-mechanism, a bundle of rafex arcs, which, for 
‘the majority of animals, sufices to explain their various 
reactions. The camplete structure of representatives 25. {ao- 
sided. system of pyracsids connected together by nervous 
routes, wil sufice, however, only for refex actions. Ror all 
other action, fresh nervous connections mast be made ; and, 
to make these, itis oocewsary that the impues invade the 
rotoplaam of the nerve-pergons, 

‘The development of new nerve-pereons cannot be deman- 
straled anywhere: but whal saquestionably Rappens ig the 
ormsticn of new paths lor excitation between those already 
‘present, So the nerve-persons must ave the power (0 send 
fut nervous peewdopodia, which serve a permanent or as 
temporary bridges forthe conduction of the excitation. 

‘This simplides extraordinary the problem on which we 
are engaged: all we have to do is to imagine the server 
penons {9 qeestion at the moment as litte ametbe, con- 
ected together by means of permanent nerve, whether 
‘eonptor or efector, ad Daving the power to send out plendo- 
dla, which fe with thane of other ameabe, and with them 
form bridges and networks permitting tranamission of the 
seitation 

‘The protension of a yewdopodium is releeuble to the 
‘ctivation of a gene, The activation of a gona can tuke 
place only throng’ the coming in of sx impulse. But the 
‘owsiblty of the uctivation alse depends on external cireum- 
tances; for instance, there may be » materia) chemical 
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heck which binders the formation of hr new framework, 
and can only be clered out of the way by the incoming 
sitet. We may amume that by this means ti posible 
for frcliviog amabe, whose chythm in poosdapodiam 
ormation depends on > shythmn of the impulee-action, to 
covorhtrate onthe stimal acting from without. 

1 we wih to form some sort of speoxiiate dea of how 
1 reeanstesetion of the framework preted, let imagine 
netics of aruatbe, exch with a permanent outgrowth, Each 
Of theee projections 18 coonteted with a resonator. The 
teuoators respond (> the sounde of one octane, and serve as 
swoeptort by exiting through thei response the nervous oxt- 
rows of the amebe in connection with them. Now let 
1 play on some Instrument aszsple tan, the nots of which 
We within one cetave, As ton at an aiwrave of the corr 
spondlog number of vibeations strikes the suitable resonator, 
-an excitation travels tothe amatba, which therexpon i freed 
{om the check imposed on it, and Becomes accesible to the 
‘hythmially invading impulses chat excite Ge formation 
of preudopodia, The paeedepodia of the ama, responding 
sicaltaneousy, of one alter the oer, write to form nervous 
bridges. I this way, the impulee-hytim,seting 32 quite 
smechanealy, can be excted by extemal interference. Ifthe 
‘hythm of the impuise-eledy Is determines betorchand, 
‘he iat onset of the excitation sufhces to make the impaltes 
af the amabe respond actomatically, and, condscted to and 
fro, futher and further, it everomes the inbiitlon generally, 
tod pent the impulseinvasion to follow in the given 
soqpence. 

1, by the help of the cizematograph, we fix the bridge- 
formation that arises inthis way, we ge a plcture of « chang 
dng tisns, the pate of wBich remaine the same at every 
repttiton, A skied musician coed then read from the 
pattern what the melody had beca that was played outlde, 
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However the actoal process may ont day appear to the 
‘ye of the observer who sucozeds in penetrating the detail 
fof what goes on in the brain, one thing is certain—it will 
oocer in the forms famiiiar to ux, of change of shape 
ad tranferesct of excitation In aecwous stroctires, The 
arena ia which the phenomene we expect o fiod most take 
place is already so narrowed down that we need look for 0 
sort of tensational surprises. Everything wi appear to pro- 
‘xed quite mechanicaly; the super-mechanical invasions wil 
never come to be appreciated by our veases. The only thing 
‘ha we shal ba able to show is the coming in of an auto- 
matic rhythm in the bridgetorming-—a kind of sell-scive 
* Babnang,” if 1 may ase Exner’s term. 

Tt must be apt in mind that the impalse-melody {5 a 
completely uatomatic proces, which belongs to the subject 
‘done; and whl it can be excited by externa czcumstancea, 
St can never be formed by these. The capacity f responding, 
now to one melody, Bow to another, is Limited in the case of 
ach subject, Ove may play & certain sequence of notes 8s 
often as one Hes to an unmusial person; be will not beable 
to construct a melody thersicom. Tee same olde good of 
optical capacity. There are oaly a few men 40 artistically 
wilted that in them other than quite primitive melodies of 
irectionsigs sound fort just suticing for recognition of 
‘the necessary objects 

From this if fllows that the power to form new impute: 
sequences throegh socabed “leaming” is rested, For 
each creature Bere is a certain extent of learning pomer 
(very dierent in diferent intividnal) marked out at the 
‘beginning. It depends on the individual whether he kaows 
‘how to exploit this tothe fll, 





CONTORMITY WITH PLAN as 


So long at we Were dealing sith framewerk-forming ia 
the central nervons sytem, invaicient kaowedgeretced Us 
to conjecture, Foctusately, however, moeazeh in other Beda 
ts advaoed 0 fa tat it as surprised Nature inthe very 
st of orig tramewor. 

The body of animals is mot mecey & machine performing 
ne But mechanical actions; it mast peform many thet 
sannot be controlled ia mechanical ways. Supersechanical 
actions of this Lind aze always required when Smamewoek 
fa formed anew; snd the fruseweck already thre is quite 
fcapable of this, i spite of ll tbe psa! and chemioal 
sis that the body has at ts dipoweL 

Growth by cel-divsion, which is all atals proces 
Jn the same way, ofers « supermechanical problem of the 
lind. At every cell-ivision the aime Is fr the ssechanieal 
apparatus of the cel to divide ite! foto two parts, which 
fre equivalent to the St, since they io thes tex mist 
gu aide, 

The problem of constructing an apparates capable of 
Alviing itself tate two equivalant apparatuses, is techalcally 
impracticable, No framework can be so built that it can 
duplicate tall. By the function of a framewk we always 
anderstand it ection is am outward dzection, A framework 
that dimalves oc divides itell no looger fulls a function, 
tot eon He altogether. But ia eilivison  fanctlan 
rmuited of the celleyparates that thll serve oot merely 
‘to divide the cell's own apparatmn into two bie, but to 
snake then halves Gupbeste 

‘The dividing cll dee actostly derlop wa apparatus ofits 
cow that liccs this duplication. Tha exentiaby waper- 
rwecbanicl process hes beeo lid bare dows 10 the finest 
etal, und appears to us 0 lngcal that antic men a9 = 
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‘rls donot sop to consider that init a problem is anived that 
fs mechasically impossible 

1 reproduce the diagrammatic pictores that Bove, in 
ia great work, Das Proliew dar Befrachtang, gives of call 
Avision, and this wid enable every reader to get a0 den ofthis 

4a Fig. x we see the resting call in te protoplasm Ss 
the litte cutrouame, which Is placed above the callnudeds 
‘The cellsuclnuy is free of protoplasm, and consists of the 
salfolding of chromatin, which is spread ost Like « sponge 
in the unclear sap. 1a Fig. 2 the centrosorse bas duplicated 
tall, and at the same time the chromatin is set Ln motion, 
1a Fig. 3 the centrnones have separated from ene another, 
hile the mesh-work of the surrounding protoplasm arranges 
itself x ays around them. Within the necieu the chromatin 
thas clumped together into four strands, the scaled chroma- 
som. (The numer of chromosomes is constant for each 
specie of animal. There may be trom foar to four hundred) 
In Fig. 4 the sudear membrane has disappeared, The 
curler sap i abeorbed by the protoplasm, and the four 
caromotomes lie tre. In Fig. 5 the two centrosomes have 
separated 9 far that they stand directly opposite ope another. 
[At the same time, the radiation of the protoplmbc network 
das ineretsed. Four rags have meanwhile ianlated them 
selves completely and oa each tide they become connncted 
‘with the chromosemes. In Fig. 6 the chromosomes now split 
Jengttovise in all, and the eight protoplamic ays auch draw 
‘challedzomescane towards the centrosome to which they 
‘along, the centrosome with ity rays eerainig Semly fixed 
a the proteplass (Figs 7 and 8). La Fig. 9 the dageneration 
of the divigos-apparatsa beglu, the chromosomes are once 
more surounded by nociear sp, and be protoplnmn at 
<Sivideditelf nto two balves. Fig. 10 shows the two seating 
anudel which eeprsent the duplication of Pig. 
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{in considering the whole process, we can distinguish two 
sets—the division and the duplication, The protoplasm of 
the cell is simply divided Sato two halves, which form two 
‘ew sphere. Since the protoplasmic meah work everywhere 
coasts of tke wlements, and the amount of protoplaa playa 
2 meomdary part, division suffices here, without an actual 
aplication coming in. But with the chromatin I is diferent. 
‘Tae chronoatin ie the bearer of the genes, and in endec to 
tribute these equally to the two daughter-cella they must 
first arrange themselves ia cows, and then the opportunity is 
‘lven for them to become paired by duplication, Then at 
division there goto each half the same nussber of all the kinds 
of genes present fa the original cell. At the same time the 





{In nocwsal division, bowevec, where the material bearing 
fhe heritable propertien is equally diutribate, thee an 
etal dupiation eereapcnding to that of the centrosomes, 
vm in the case of the centrsores, we cannot speak of a 
sirope division, because cach of the two that arise core. 
sponds in every particles to the exginal one. 

‘The whole process i complicated by the fact that, In 
ulti te the division of the protepauea und the duplication 
the centesomes and chroxmomne, to other Protest 
in succeuivey, proceees involving movement and shaping. 
‘Pha one efocts the tramsormation of the spongy chromatin 
into fose discrete chiomowcam; the other relates to the 
devlopoeat of the divisia spindie, the protoplmnie Uzeada 
of which seve to separate the dapicated chromorome from 
one another and draw them to ther centrosomes. Lastly, 
the degeneration and the reforming of fhe nuclear membrane 
comes Sato the proce iz complete cenfermlty with plan, 

“These are aH independent procaues, which are cannected 
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together by w mle. Thin rae, however, cannot be referred 10 
1 bldsea framework, because the hypotbetical hidden fares 
‘werk must Mhawine divide and dopiiate ivelinna procssa 
‘hat i jas a insole mechanical, 

There renin to courve open foro» but to recognit 
‘that bern before oir eyes a proces is going on that is accome 
Plahed, not through machasiel compaloa, bt through 
sete invasion by a ssper-mechanical decign, Polowng the 
line we have pormed op to now, we shal esume the invasion 
by seperate impulses, which are ooonected together into a 
aptem, 

The stedy of celiivinion ic accordingly of great value 
10 0p, since it provides us with « helptal schema fer the 
ebucidation of the super processes in the central 
nervous system. There also i is sufidext to amume the 
appearance of centrosomediia structures with their proto 
Blasnic thread; and the wil give ws some coneete iden of 
how feesh condacting Ertiges appear between one merve- 
pemon and asiother. ‘This does not cisentnlly alter our 
eompariioa of the nerepenns to amebe, but madly 
simplifies and deepens it. 

Th sore and fawlest interlocking of the various part. 
procemen incl division has mild investigators into regurding 
i an a purely machanial proces This it 2 misconception, 
for every machine, whether it be one worked by man or & 
tiving body-machine, is nay referable to a meper-smechanieal 
proce, —to that, namely, of frsmework forming,—and the 
mechanical rale of working lays prammppoves a super- 
toochasieal role of construction. Moreover, it bas bea over- 
looked that every machine in conse of time wear out, if 
‘here be no diction continually disposing ofthe damage. $0 
‘here roost always be 4 eeperseechenical rule of atrection 
coming in to keep the eechanicalrunrig in working order. 

“Here we have belore 34, a concrete form, dec lavasoa 
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by the contra, for cal-ivision cannot be efleted by any 
‘mechanical rale of worklag. 

Even whore Navure is active io superanechanical ways, 
there fs no arbitrariness anywhere, but always law. A lam, 
‘owever, which is alo design of the mast exalted kind, and 
‘which casts its ape over the entire process. 


Tuvasion by the impulses always meaas a new formation 
of framework, and consequently is always referable to an 
intowace exerted by the genes on the protoplasm ; the prato- 
plasm, ao a result of this infuence, ether ise begins to move, 
be tranefortss protoplasmic brkiges into vervous pathy 
f conduction. 

Uf we lok at the entise nervous system of xx animal ut 
the beyjinning of a refex action, we see everywhere the peri- 
hora route fr excitation and the bridges leasing from centrs 
fo centre. These structures. however, are lavarihly acoom- 
panied by protoplasm, containing mucei with genes, ready to 
repair any darmage that may arise by forming new structure 

‘At the beginning of the non-reBex actions, he intra: 
central bridges ace vot quite completa, and accordingly most 
‘ere-formed from time to time by the indoence of the impulse, 
{Tooke like an ingeniously woven net, i which, however, 
‘a certain spote, whetber i tbe mari-argan or the action 
‘organ, some meshes are miming that are of decisive import- 
tance for the path that the excitation aball follow. These 
bridges are ce-fermed each time, and then aga broken dow, 
The reforming of the mesbes is zot fixed mechanically, and 
oes not follow an automatic rule of working ; it depends oo 
the divetion, which is also ssdject to laws, but of « roper> 
‘mechanical 

Let a Imagine that ou a ahip which i to follow a certain 


CONFORMITY WITH FLAN om 


‘course, the movemants of the helm are mechanically connected 
‘with the compas. But in order to meet al the contingeacies 
of tha voyage, we place De helmeman between te compass and 
the rudder; the heimeman gets bis beazings trom the compass, 
thoogh he is not mechanically connected to it, and itis his 
sinens to steer the whale ship according to cieamatances, 

a every living organisa there is 2 saper-mechical 
‘Alvecting of this Kind ; but if is aot oxmected with some 
[person oF director of works, standing outside; it Kies within 
‘he works themselves, evan if external to che actual frame: 
‘work, It cannot invade the works in aay way, except by r0- 
‘construction or by breaking down ofthe framework. Throngh 
lack of any analogy. iti very dficalt to understand a direction 
of this kind. Attempt to compare it eth x mechaniam lead 
Ws just as far astray as do thone to set it an the level of « 
‘personality conscious of a2 aim. 

So far as 1 can se, the only escape from these diticulties 
1s to Laagtne sone implement, with the feamework of which 
‘we are very familiar, and endow it with thoue saper-mechanical 
Powers that are the prerogative af the angus. 

Lat os imagine a two-wheeled iroa cart, al the stractural 
parts of which are murronnded, as ia a living creature, by a 
tgeren substance, “ protefeite,” which does not enter into 
the framework, This protoferine hes the power, not only to 
replace a piace of iron if it breaks off, but also t0 form anew 
‘whole structural portions of the framewerk. According, it 
‘in able, nat only to repair substance, but aloo to restore form. 
‘This ponsibiity of restoratioa of form is the question that 
interest ur bere. Iti cbviou thatthe form, once destroyed, 
‘cannot produce form anew. There roast stil be present in 
the sealdoe of protoferine the rule that led to shaping, and 
‘his even ater part of the framework with itt protofrinn 
Ibag been lagt. As an auxiliary caccept, compecting the mle 
of shaping with that of eubetancrforming, [ bave introduced 
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‘Meinmpulae. The nde of shaping therey beoomas an imprint 
system, extended i space and inoencing matter at diferent 
places. We munt now break ep into a number ef such systems 
the protferine that has not extered iato the framework of 
‘the cart ; and we shal God that the domain governed by 
ach systens corresponds (0 the spatial extant of the past- 
fanctions of the whole vec. Two lmpaieayatems for 
festaner, would embrace the two wheels. At the comon 
‘exe, these wonlé ass over into one another, Agni, the 
ody of the cart, the sent, che pole, would each earespond 
to one systems. 

‘The several impatse-aystems of the cant oust i a reunite 
aflect ove another mutually, for at a pamber of points the 
stractures they govern Gt into one another, At these points 
the same protlerine will hve demands made ox It by two 
lonpobseayeers, 

“The impubesysters have so diect infuence on the rune 
ang ofthe cart, since they are suited oxy for the production 
of framework, and bave last all influence oa the framework, 
itslt 

‘Eyes in those canea where, as in the ship, the compass is 
‘ot automatically connected with the rudder, but bas to be 
Unked up with i anew at occation require, the atering 
doce ot take place divecily through 1 belmsman, but by 
evelapoest of fresh mechanical connections between the 
receptor and effector organs. We may imagine tht the nerve: 
meshes at the decisive points inthe central nervous syatem get 
linked wp, naw with oe impulseaystem and now vith another: 
‘and this must celts complete change is tbe reaction of 
the whale animal Accorting to the oumber of impulse 
‘ypteme that Ye ready to invade the central point, the 
luticity of the action will be greater or Set, 

‘We can express this, indeed, in the formals for the plastic 
ection, f intend of B-2OT_AO_E oe octe 3 NOL 
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(ix Ta} AOE this means that, in place of the action 
B_MOI_NO Eine sein B_MOlE_AO_E 
performed : and 9 forth. 

Tn all forms of action i revealed the cose connection 
hetmeen he Sndividual ocgane and their aesoiated ieapule- 
stems, But while the connection of the separate parts of 
the framework withia the orgaa, as well as of the organs 
‘among themselver, i obvious £0 the inguring eye, this Ss 
‘at the cae with the impale-eysteme, which can be revealed 
only by experimental metbods, 

So long as we content careives with inchading ia rulea 
‘what has boen leat throagh experiment coaoerning. the 
Inner connections, we require no further auxGary concept 
in order to base the connection within ale. This is already 
ven by the concept ef the regularity of the rule fell, But 
18 0 a8 we tranalorm the rule into ah impuseayatem, in 
the attempt to see how it aflecte the protopiuam, we have 
‘eed al some idea which shall help ve to visualise the anity 
‘within an impulseayrtem, at well as the nity amo. the 
lanpuleayntems considered callectivdy. For this purpose, 
choose the idea of ileal uiirioy, which sens to me 
to express more clearly what oot usally understands by 
conan, 
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i Si, ies ihe ix op Se 


together with all ts protoplasm and the impulseaytem 
governing that, To the eye alo belong the nerves commer: 
fngecoutes to the markorpan. et, onthe other hun, trae 
Delong to the markorgan isl. Here, therefore, isthe de 
Datable ground, whichis under the contra of two impabe- 
sorters 

MO meass the mark-organ of the central nervous system, 
‘ith ts protopltea and the governing impulseaystem, et. 
But everywhere the connecting-rotes from one org to the 
‘ext are the integrating portions of euch one. The fuetional 
Drulding-toaes of which the reBer are is made up, every- 
‘wham interlock with ous ancther. In how far the impake- 
sytem ineriocx ean be decided only By experiment. As 
comorra the motor serves going from tht ation-ongan tothe 
imuaces, the expesiment of severing tbe nerves as shows 
Wat they belong to the impaleeeynien of the acton-oges, 
oe from hat organ the nerves grow oat agua to the muscle 
alte the severance, The impubeayatem of the scton-ogen, 
and not that of the moscle, i responsible for the rept to 
Ihe nervous connections 

“The mucmtuinty omceriog the delimitation of the func. 
ional baildiag-stoces cue from another exists from the 
‘mermeat beyood which ve can speak of factional bailing- 
stone Al rom the riteal post onward 

‘Up to the citi point there {sin the nial body uo 
connecting function, aad consequently thee ae na functional 
‘ulling anes. Until the ei poiat is reached the body 
4s divide into geminal amas, which T have called genetical 
ruling too, 

Ta onde to make quite car the rearrangement that takes 
ce at tbe critical pot, et os assume tt, in some elected 
simul, the crtcal point canes ox Uhough the whole body 
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at the same moment. Let as imagine, in an exrthwors, 
for instance, tht the drveopeseat of the germical aeat co: 
creda 9 eqoally that we feally have before us a2 animal 
‘Wale in all essectils, already has the form of te completed 
animal, bot consists entirely of protoplasm. A. eotoplasmic 
animal of this kind consists entirely of independent genetical 
Dalilingstones, which, it i tre, are sptallyeoatguoss, bat 
not exerle the slightest ifuence en one another. If 
swe resiove from one of these 3 potion of the materia, it 
vel restore ts ow shape fra the remains of Ube protoplasm 
without any regard to it8 aeghbours. Indeed, as arion 
showed, ove can remove an ence greta! building etone— 
for instance, the ruiment for the sciatic nerve—ithost 
any way checking the development ofthe rat of the Hn 

[Now the efct ofthe etizal point express isl in every 
call ofeach germinal ara, x sich away thatthe gene preaent 
in 6 Decomes active and allows its spec framework to 
plage out of the protplasm. At one stoke a fly 
developed earthwarm, with al its fonctions, is gt from the 
Drotoplaamic worm. And therewith the genetical Duling- 
stones have disappeared, which consisted of protoplasm alone 
in their place functional balding stones Bave come in, com 
siating of Sramnework + protplas, 

‘What has ao became of the impue-ystems which, in 
compete independence, each governed « genetical building 
souk? The boundaries of the completed organs, i. of the 
functional bulking stones, are quite diferent ftom hove of 
he germinal areas, Are the inpalseayetens subject to the 
same rearrangement, o not ? As we Kew from Wesely’s 
‘experisenta, at the eeal plat there occurs « rearrange- 
rent of the impalesystems also, The geactical impulse 
ayitems have vanished; je their place have coo funetioo4] 
‘impulneayatss,controiing the xznal's growth. 

“The sacthwocm need not fear that when some cepsic of 


co ‘THEORETICAL BIOLOGY 


2 part ofits oxguos is ancesery, it will twke place withoat 
regard to the functions] commection with other ergams, ut 
Ibappened before the critical paint. On the contrary, the 
reqoirmment is cow rained to the normal at each reconstruction 
of the frumewer 

‘During the time that clapees up to the cvitcal point, 
‘the direction of coostruction alone le active With the 
evelopment ofthe framework the direction of working comes 
Into its own. Ie is transferred to impulce-ysteme neparnted 
from one another in space, which induence one another 
reciprocally. 


[EEANAL BUTI 


‘Bach impolse-aystem governing « genetical building atone 
‘constitutes & sell-contained unity, which continually strives 
‘to repar, after every injury, the protoplaamic structare uader 
its contro), independently of the arooumt of material at its 
‘isposal. In the beginning, che genetical building stones are 
few in mosaber, and of very simple form, In the course of 
evelopment, they maltiply, and asreexe more and more com 
Plctted forma; and concurrently there proceeds the dis- 
‘tibotion of the genes to the cells, which become more axd 
‘more numeroos. As this aypens, the impulsesyatems 
belonging to thene gradaally separate off in x perfectly regular 
way. But 30 long a3 it is active, every impulseaystem 
forms a unity, which ia eld together by ty Internal 
equiibriam. If a germinal area ix halved, each balf gets 
‘half the bailding-material of protoplasm : each half remains 
‘counected with half the namber of impalses, but this ix itselt 
forms no unity and pomeaes oo rile, une he Internal 
‘equlbrium reconstructs the rule of the whole system. A 
rule fective ana whole or sot at all. A rales independant 
of the number of times it Is msed ; acoocdingy, 4 may Just 
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3 well come into effect once or several times in the ame 
fermind! area 90 long a3 the material permits, 

‘Applied to the assiliary idea cf the impulses, this koow- 
edge must be expressed a8 follows — 

‘The numberof iapaises connected by a rule is unlimited, 
and 20 fe the number of impulse systems following w rule 
‘The internal equiibréum aloce i eetive, which strives 
fo remove the disturbance, This equllibciim, however, is 
resent throughout the entte syztem, and can make suet! 
{elt from every part. 

Of the experiments that have been mage on regeneration 
(Gy which te undertood the repair of forms and content) 
those performed on the genetical building-stones give us 
rach Tess equivocal result than those performed on the 
fonctiona, Decasae here we are Sealing vith protoplasan 
containing the same genes o: like mixteres of genes. As long 
ani is present Sc the requisite quantity, the material puts no 
check in the way of repair. Any cell cn take up any postion 
within the same germical area, since its gene-content is the 
suze, With the critical poit this ceases, The oes belong- 
ing to the same Functional beildingatone are very diflerest 
{rom one another. So we might assume from the oxtset that 
repair would ether not be posible at al, or only to a tnitad 
extent, But it has been sbown that, especialy in the lower 
animals, the oes, atnoogh with regard to thelr framework 
(hey are just as definitely formed aa in the higher animal, 
tll being with thers lage roceve of genes, which permite 
‘of reconstraction to very considerable extent, 

11a cart consisting of wooden and ron pert, the woodan 
parts also barbour protoerine andthe fron parts « primocdimm 
for wood. the quality of the material presents no hindrance to 
the reconstrsetlon of Tost portions 

‘The functial baiiding-stanee have this advesinge Over 
the gunetial, that they are not prevented by the limited 
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‘quantity of material left over fram furiahing parts of the 
framework in their comma site ; for the circulating stream 
of fiids exables them to make up the lacking substance, 

‘We nea got the fundamental information about reganern- 
tion from experiments on earthworms and plasarians, Hera 
it appears that each transverv slice cut oot of the animal 
‘at sorar anlected point is able to remake the whale, right 
forward to the anterior and. and right back to the posterior. 
1 hia wn perceive cleary the action of an interaal eqaiibrium 
extending throughout the entre asimal 

To these animals the material for the reconstruction of 
‘the equilibrium lis everywhere at the diaposal of the impulst- 
systems An exception is oflred only by the bead of 
lanarians. If this is cut through trangversely, each surface 
of the wound is capable of generating only the anterior halt. 
‘The consequence is that only the posterioe poction of the 
‘bead regenerates = normal head: the anterior portion dupli- 
cates ite, and produces 2 Janus head incapable of living. 

Uf wn cut a planarion lengriwrise, each half cegenerutoe 
the missing side, and we get two Dormal planariane If, 
‘beginning at the anterior end, we carry the cat only through 
the fst half ofthe animal, the edges of the wound gape apart 
fou account of the pall of Ube tera) muscles, and each half 
regenerates the mining side. The ragult is a twoheuded 
planasian, 

This experiment (which, after what has been wait, hols 
nothing surprising) has played « fateful part in the history 
‘of biclogy, for fram it Volpian concluded that there couk! 
rot be any vital force, since vital arce woold never create 
monsters. In the state of tiogical thought at that time, 
‘Vulpian carid not conceive of a vital force as other than one 
enrdowed vith reason. From his point of viaw, there mast 
cither be a human-like director in every animal, or ese none 
ft all. We have become more cautious, and we speak only 
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of a ection, the powers of which wo eadesvour to inveti- 
fate; and oe find it expresed in the intaraad equibiam 
‘Which, within the limits st effete the reparation. Vale 
‘an’ experiment, which was made about the mide of last 
century, ave at that time the death-biow to vitaliso, 
Nowadays we know that {S18 in completely with vitals 
‘eas, 

‘Vary interesting experiments bave beon made on the 
cvrthworm. Of these I hal) nection one expeclly, because 
it wolves the question a8 to te possibilty of exmpetition 
Detwoes two isxpabesyatens Let as Set cut off the head 
‘of an earthworm, and a quarter of the sett of the body. Let 
this grom on (o the traak again ix Die revered patton, 99 
‘hat now a cat rurface is directed forwands that normally 
west regenerate the Bind end. What is the sent? The 
regenerated partis the mining head. Here, apparently the 
folersal equiibrirs concalling the larger paclon of the Body 
Bas outbaleront the smell portion, and the est cqrtane, 
‘hich i able to create either the atric or the peterce end, 
{3 compelled to meet the Functions} needs ofthe trunk, 

‘To the same category Delongs the experimeat on a small 
crab, which has one small pinez and ove large. If we cut 
‘oft its large pincer, the small one grows Iza, while in pice 
ofthe amputated fsa « mall pincer forms anc. The seul 
6 acrab with reveesed pincers 

(OF especkal interest is the famous experiment ot Hettet, 
‘who scored ta makiog « exab regenerate an olfactory 
ntanna in place of a stalked eye. In the course of this 
experiment, t appeased that, when the eye was cut of It 
‘was always regenerated 40 long a the optical gunglion was 
sot removed. But if the whole functional building atone 
sf the stalked eye disappnar, that of the olfactory fele eae 
into the gap azd duplicates iil 

‘AU experiments made hitherto agree io thi, that wo 
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ave to Aistinguish an internal equiltrium within each 
functional building-stone from the internal equllbriams con 
trolling the function ax a whole, According to external 
conditioning by the iajary and the internal conditioning by 
the reservematerial present, now the one and now the other 
comes into evidence. 


aguemanin OTe 


‘The instances deait with hitherto all seer to spatial 
equilibrium, which expresses ital, now in one functional 
Duilding-stone and now in all together. But it cannot be 
denied that there are also rules connecting ito anitis factors 
separated from one another is lime. Tae notes of a melody 
that we have heard immediately appear to us connected to- 
gether by a rule. Bat the melody isnot just a rue dlcovered 
afterwards (ohich would be merely paste}: on the contrary, 
it is active in the extreme, at soon ns we ourvelves sing & 
song : and, in a way unknown to us, it controle the imple 
in the actions of our laryrx, which prodaces the notes. In 
this case we are folly juried in ameaming an impulie system 
‘earraponding to the melody. and in secking for ite intemal 
‘equilibria. Ta the same way, active rules, referable 10 
Iimpulse-systems, lie behind all those of our actions that arn 
‘ot reflenes. They must all pons ax internal equlibriam, 

‘The way in which we have to picture the invasion of 
Jmpuise-aystera has alendy been set forth in data, Accont 
ing 10 this conception, there is every time « regeneration of 
the cxncral mesh-mork. By this means we are enabled to 
‘consider the whole procest trom outside, without entering on 
peychological questions. Before oar eyes 4 natural procest 
a taking place, which follows an autonomous rule, It ewes 
{ts autonomy to an imspulse-system, which is held toguther by 
internal equilbrimm, 
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1m order to express ic the familiar formuln also the 
mpulseaystems active in Gime, we have only to replace the 
by « series i, nd to wite these ove below the other, Let 
‘the instinct formala serve as an example. It aust be written 





1 
‘tims —H—-MO-AOL_F Te moakd be still more expeessive, 
‘f wn introduced the iii as musical notation, 

‘A fora of this Kind wonld take account of the fac, 
‘that, for instance, the fonnel-roler beetle pertorms its aetion 
im melodic eeqeence, although the Dreb-leat on which it 
does ite wark does not furnish it with any standard for the 
setian-melody. 

‘We shall do jostice to the unised sctico-aequences of 
instinctive animals, and to the plastic actions cf animals 
‘hat Tear by experience, only when we recognise an itspalo- 
melody that determines the actlon-equence. The indications 
Of the surrounding-worid serv, iti eros, to release theae, exh 
4 times to cetard oF to quicken their couree, Bt they have 
‘np indvence whatsoever on the melody of tbe action. As if 
‘nits own hinges, the melody hangs xed and infaibe, within 
‘he chythm determining its interes) equilibrium, 

arr 

To a melody we distinguish three thinge—the notes, the 
toundanquence, asd the beatcequence. in melody only the 
ast of these is dexcribed as rhythm. But it is diferent ax 
tocn ua we tramafer the word melody into other associations, 
we compare some living process with a melody, the beat— 
‘the rate at which the process takes place—interests 08 quite 
wecondarily; 00 the other hand, the regular elteration in 
‘whlch the partyprocesses release one anothes, comes into 
‘Prominence, and is then described as rhythm, although it really 
‘corresponds to what we describe as sound-sequence in the 
anelody. 
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‘Now she sound sequence in 2 melody is alo the expremion 
of & Inw, for which we have no exact word, It is true that, 
In general way, we speak of the relationship of the sounds. 
‘at for the ypecial law determining the sound-eeqoeace io 
cxrtain tune, we have no expression, Jn this cage also wa 
help onrgelves oat with the word rhythm, althongh that is 
{intended to describe the sptcal law of beat-seqocnce. 

But it is scomary to aitingniah between the two, 
‘Accordingly T shall dewribe the aw displayed in the tonnd 
sequence as rhythm, and that displayed ix the beat sequence 
1” beat bythe.” 

In melody the cooditoas are extraocdinarily clear: the 
sound are arranged in 2 fed relation, which all circum 
stances must be preserved, if no disoeance is to come in. 
The chythm of the single sousd aequaness, however, cannot 
be derived from this relation, which has been compared 
(m a sevenrsided cclerun, foc the Jaw of that relation tells us 
nothing, for instance, at to whether two related nates are to 
sound simultaneously of im surcessicn, 

‘The law of relationship deals only with the special nature 
of the sounds and how they are adapted to one another. 
‘The chythm shoald reproduce the law actording to which 
the peculiarity ig made use of in singe instances. 

‘The shape and material properties of the brick reproduce 
the peculiar nature of the structural material of a howe, 
‘and the laws of chs must be Rept in mind in building. The 
scqonnce of construction that causes the house to arise, and 
‘With which brick after brick is barmonised in acomdance 
‘with ite special nataro—thet fa the rhythm. 

I the development of asy strocture the same thing 
an be demonstrated—namely, elementary parts, which 
‘re adapted to one another in accordance with their special 
ruature, and a rule, the chythnm, by which the etreture ariana. 
‘The law of peculiarhes 4 called in chemistry the affclty of 
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wubstancen By afinty was at the same tine uadewtood 
smatual proces of attraction, which was part of the pecallity, 
‘The word affinity was then applied to the selatconkip of 
sors, although these possess no reciprocal power of strse- 
Yon, Since chmitry bas developed more and more into 
smicrophysis, concrete, mechanical Seas have begs to 
break down the concept of ality. As a matter of fact, 
othing nowadays mands in the way of oar basing al mixing 
cf sbetances cn a mechanical idea. Te wuderstind the 
fixed arrangement of che atoms in the molecule, we any 
represent the atom aa ax already formed spatial maguitode, 
Aoling on te its neighbours by means ol pag and socket joints, 

(ha wom of this Kind is already a shaped, tree 
dlimensonal object, ad has Jot the original meaning implicit 
inthe woe, Le, indvisibity = for only wis i without forma 
can be thought of an infivisie, We must wo exprea out 
snlves that there can be 0 misunderstanding a8 to which 
kind of tom we roean—wbnther an dementary particle 
raving form io space, and curyiog out oxrtala machen? 
‘asks, or the ulimate seesquaty from which the word of 
‘eppetzance in cantracted. The latter is aheayn just load 
sign aeociated with # content sign) 

is pouible to refer all cherical proces 10 the oot 
crete Sea of peg and socket joints, if, in ain, we bring 
fn polar tension drawing the pegs tothe sockets and repling 
‘Wee structares frm ous szotber. 

er the Dulding up of ving erpuniam from the garm, 
he impulses have at their disposal mumeroas chemical wtrc= 
ture with complicated peg and socket joints, nd thar polar 
‘tosis. What the implies thezualves mst bring ia isthe 
‘allling sequence throgh thee ryt. 

‘The mistake of all antivitaletic hypotheses ux to the 
roess ofthe organisa les in their reguring the buillng- 
‘eqoence an sbady given ia the material [ts just wo 
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Ampnsible for « melody to devive is law from the eelationublp 
cf the notes (eves if the related nots should mtualy attract 
ne another} as for the buldiagsequence of an erga 
ta be deduced from the chemical afinity of the germinal 
lesen (ie from thei peg ond socket joints, toguber with 
the polar tension. 

‘What seems to as swventia!—nasely, whether of not the 
rhythm of x action is given all prepared by the framework 
af the orqans—is for Nature of aly seoonary importance, 
“The pens of the bildng-aequence is ot Iaid down in the 
term by «framework of any kind wiatsoever; forthe ations 
of the completed animal Ue same holds true—the rhythm of 
th same action that i the one creature sed bythe frame 
vwork im another may dispense with this oan, 

Ta the majority of animals the proces of digestion ix 
‘conducted along xed rootes by a series of organs, which 
are Joe to one ancther, Students ofthe digestive process 
strive, through exact Inowiedge of the alimentary cama, to 
earn how (0 read off for it, a from & progressive musical 
Rotation, the act of digestion, which Begins at the mouth 
and ends at the anos. This is rendered pomibie, because the 
food tall, as they move along, re all the tise being cone 
ducted pastes receptor and eBectrs(gtnds and muscle} 
‘Each section of the get receives in ax alered condition the 
fecd-alle pushed forward by eiciors of the preceding 
tection, and pomentes receptor constructed on a cae 
spondingly didceant plas, which are able, by means of thar 
ctor, to induce a farther change; ad 20 it goes 8, One 
art Unks up with the oer in nboen series, and tis chain 
perform a chai of wepurate ection which, taken coectivey, 
lead tothe dicctegation and absorption ofthe food. 

Tn this process an obvious rhythm is expresed, which 
1s the tak of the physiology of digestion to study in all 
‘ix dota, Nuenetcin foued exactly tho same rhythm 
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In the Inforora, which have 20 digestive organ veloped. 
‘Hime, ax e have aieady pointed ost, the same food-vacvole 
foe through all the changes shown by the framework of the 
Mimentary casa cf the higher animals. Th chythm of the 
impotees in the completed organchain becomes fective 
indirectly through « permanent feassework, and is dnecdly 
active only trom tise fo tae when that is focally disturbed: 
inthe Tatmoia it is expromed directly trough « progrenive 
framework fring 

1 we Look into the matter more clo, we shall under- 
stand why the digstive proces so easly ete fixed by 
ermaneat framework forsation, and becomes fraen ino & 
chain of etches. Each stretch of the alimentary canal feems, 
sith the food-ball as inicatr, avery simple end of Function 
drole, which is shot off as © pare refax are i the ties 
ofthe animal, The demande made on the sterng-mechaniaa 
cf the nervous sytem are very sight. The receptors may 
sveryhere i clone t the glands, and convey the excitation 
to them by simple acrve nets The secretion from the 
stimulated glands alters the food-ball ia much a way Unt, 
‘when it gets to the next sctioe, it sends forth other stimalt 
for whlch there ane otha receptors. 

‘The onward movement ofthe fonda is effected by the 
movement ofthe crear made, uccarling o te ample law 
of muclae tension. Rotnd the fod:ball Uy are on the 
‘rctch, and go the excitation flows to ther, and try put 
the Ball forward. 

OF course, at each digestive procen there cocur a pamber 
of complications, wince the food consist of diferent etb- 
stances, which oot sienltaneoualy be pertally broken down 
ever fanctice-cirley the istedock. But the priocpln fs 
comywhere the ame and everymber simple, 

If we canpare the movement-uctions of sx animal with 
howe oft Aigention, we get the revere pictre. Here the 
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sil correspond to the fond-bal, and te alimentary canal 
10 the murreanding wee. This bold geod, not only for 
animals that move aloog throng caviting ad pamages 
‘the earth, but fr ll ootmnctoraniroals whatever. If we 
follow the track of mae selected animal, we can certs ity 
suronoding orld around that track, by setiog up again 
the indlcatera with which it came Isto cemtac The war 
roanding-word of the aia thus becomes a vend, 

a thi indication taal the anal seoves forward, in 
into ofthe antagonistcally ecranged munca oft ocoooton 
frgusn. This i true of progres ta the water and in the aie, 
tu well as on the dry lsd. Each forward movement causes 
sn indkcator to disappear and 4 new one to aris. Whereupon 
4 ore fanetlon-crle begins. The eure of the fanction in 
cach ew crle meant anew atia, and o bere alo one ation 
ceaoects up withthe others into chai, which winds ie 
Adrgh the whale ie. 

‘Now i is true Bat each member of the chain—ie. each 
functin-cicelo—in am independent ction the part of the 
Animal; ot the chain Wsell—ie. the rhythmic sequence of 
the foneton-deele—is « craton of the extemal werd, 
‘became the order in which the indicators appear depends on 
stmociatlons that are independent ofthe animal. 

Here lr the ft te we cet with he i ofan external 
‘rhythm which enters into competition with the internal rhythm 
of the aoa 

1 the several fonction circles are fixed elles, the 
whole Mcomne of an aninal may give the inpeenion of 
bring «proces that ueclls xetomatialy, An indenter, 
ech as the pty, attracts the animal, i devosred, and 
dinppears. Toe indicator "enemy appencs, and repels 
(he animal, whose Might revs inthe vanishing of this inv 
‘eatoe sta, Tis fe Lee to conser the if ofan animal 
purely from the standpoint cf phys, a a chun of tropism, 
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and to tamer the eythn of animal Ue eaticely to the 
pn 

‘Thr aan eset conception hr, fr the ropa 
are ot single poy poems The. appearance oft 
trol, wich By fe eatre remain «reer, necesanly 
romppoe the pence ofan nditon. ti trv tat an 
Indcation cope up 06 the ile path of = imal oly ea 
imal afece te recep. Bat depends eptiely 
the stroctre of hae a8 Yo nth smoke i taken vp 
‘converted Sto excitation. Te wo pyaar 
cecting fam which we cn any that such ead sch py 
oem must became an dition forthe nial, 
eh andesc anoter one wilt. Moc oe dare we ume 
that some parclar objet mut play a part io te le 
(the ssid ain, We can aly canjctune that it san 
indicator: what indications it gives depends solely on the 
aia 

Tht Mpath of anna, whic: me may imagion as 2 
tunnel of indications, ald aly such things a exis rough 
ther rans (0 the stilt ano ors, IE we 
‘wn enter fate the le path of am extrem, fr iste, 
Te ont ot forget that Hs comoned of erin ange 
tie ef nothings, 

‘everthing inno the prance of omental 
byt andi eet os the azinal is etied.The ctnerver 
‘san show that the indicators appesr om the life-path in a 
feoance dependent ofthe anima, nd be may tak mall 
‘the question, “ In how far is an inner rhythm of tie animal 
‘opposed to the external rhytivm ? “ 

Te mmat fist be shows Ghat be thecbold valan of the 
cetera stile dtereiel by an inset ad on 8 
fatlodie change ia the stevinggu, Tha, for example, 
fn bjt wi ot wet a8 an inden on itd inal 
thong it cotialy would on 4 bang. In the axe my, 
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during the brooding seasca there cones in « changing of the 
seeing gear which Js of ferreaching importance for te 
selection of indications Animals endowed with plastic 
power freqoently suppress an indication, though it be oft 
repeated, by raising theic thresholtevel agalnst it; azd this 
ia especialy obvions in the case of actions based on 
experience. 

Jn maany animals a5 inner shyt, consting of waking 
and sleeping, strives to fall ix with the outer shyt af the 
liespath that expremer itself in the alternation of day and 
night, By raising the threshold doring sleep, at indications 
‘can pecially be suppremed. In the spotted dogfish, 
‘which ema all day and sens their rey by night, Bocr found 
1 pesodic opening and dosing of the pupl, which could be 
demonstrated in animals kept conticualy io the dark. Tbe 
ryt of eb and flow i responded ton ittoral pee-anemanes 
‘by a periodic change in the refiex activity. In thee animals 
tlso Boho was able to demoastrste that dhere was a inser 
stiythm, which persisted for days in anecsous kept ia an 
sqearin, 

‘The thytizncal change of tone is a5 spperstes, compelling 
1 to change of work, i an arrangement unkown in machines, 
‘nd can be achieved only by means of further mechaial 
Gevice. The framework of animals, characterised by the 
prevnce of a yrotoplamic matrix, makes the rhythmic 
change seem less mysterious, Actually, thoue who ive coo- 
cerned tbemaelves core cowely with the question, vee in the 
‘Protoplaum the cause of this pbenscsanan. 

‘We might speak of  chemicadtidechange in the proto 
plaam, exited moce or let by the exterual rhythm. These 
antters shit Be a fr beyond the powsibiity of actos! inet 
tigation that we ace rodaced to mare conjoctore. All that i 
‘ort fs that there mast be s rhythmically ecive impulee- 
‘ahtem wt the back of this phenomensa alo, furninhing the 
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protoplasm with the power of performing a chemical tide 
change. 

TE we continze ta observe the Les thet maintain in thelr 
sutual dependence the indicators bordering the life path af 
‘animal, we pemntrate deeper into knowledge ofthe external 
rhythm that infteences the life-course. This law may con- 
tat in the epatial conseetion of the indicators, and yet (0 
‘he animal this must appear as thythen, because, a8 it moves 
long, it comes in contact with thean in time only. 

‘When the funnel-clle hecte cuts its precise mathematical 
line, the several ea-velns enter one by one inte its urrounding- 
world. The whole bircheat, which to ms appears ag a do 
finitely outlined object, is broken up for the beetle into a 
umber of indicators, which ean be contected together in 
‘time only according to a certain rhython. The inner Ahythm 
mest correspond (0 this external chythm, if it is to contra 
the fing of the sequence 42 which the indicatocr appear ar 
the leat Is cat through. Here, accurdingly the inner chythm 
‘controls the outer. for the path flowed by the anizal within 
1 group of indicators fixed in space is not given afresh exch 
time by these as they successively surge wp the reverse is 
‘roe, forthe inner shythun laelfcansiats entirely of sign-poats, 
‘are obliged to cover themselves seth the indicator 

‘The shyt in whlch the effectors of the beetle work 
‘has not been created from one action to another by the 
sequence of the indicators: it is formed by the impube- 
sequence itll. The formela for the instinctive action 


capo iy B_MO_00 {12-7 

Te pam hm ciel cman «pot 
ere Cop ree nents tre 
finey ceinee ty ay nce wet The be 
ster ac cco a eyo wh acne 
tru bret hen er he ain br ee 





so ‘TTHEOBETICAL BIOLOGY 


‘the signal forthe action to begin) the inner rhythm cam eo, 
‘to guide the animal canidently through the forest of indicator, 
To term of human thonght, the ianer rhythm af the 
animal Inows the laws of the oater world, although the 
sia gets no information thereon through the indieations 
iat its dispomt It is this knowledge possessed by the inner 
sfaythzn that T have called the “ wisdom: of ocgantsms. Of 
coure, there fa no queation here of knowledge or wisdom 
In the hanzan seas, bot of a“ coograity" of the intro pro- 
‘esses of the animal with the lw of the external word. 

“For the instinctive action ia. the widest sense (embracing 
‘lve the tide-change in the protoplann) i¢ ix ieunateial 
‘Whether the law of the external proceaes cena tn requ 
Alteration of day and night, of the seasons of the yea, 
(© of ebb and flow, or whether itis expres spatially, asf 
‘the geographical formation of those portions af the wlbe 
‘wed in the migration of birds, or in the organisation of the 
Diet at forthe beetle, ori the anatomical dspoution of the 
wuervous system of its prey is che case of the ichneussoa-fiy, 
(oF in the chemical reactions of the human tisues in the case 
of thn malaria parasite, Everywhere we see an autogenous 
rhythm at work, which, rom the factors held together by 
‘the external laws, constructs its ows path, a path which 
Ss the more securely lad the firmer the external connection 
the facto. 

‘Bese these remarkable facts, which T describe as “con- 
iraity." the question as to whether the rhythm is given 
permanently by a coresponding feamemork, or develops anew 
48 occasion requires, appears quite subordinate. To inqaire 
{ate the nner shytha that brings aboet this harmony involves 
«tar harder problem thes the quite secanary consideration 
sn to whether, in a giver izatance, we have to do with an 
‘wolated oe with a lsting noence othe framework. 

1s the cage of the compticated and prolonged sctions 
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of inaects, i iy easier to aseamse that the impuls-systerns 
continanly carry on 2 dict sechaping of the framework, 
‘Tae sama hls good with all plastic actions and actions based 
‘cnexperience, With simple actions approximating torefloxes, 
‘we may ass the presence of 2 permanmt framework, 
adjuated cnce and for al, 

‘When we have recognised tbe ianer harmonised rythm 
ss the determining factor, thes it ls not dificult to deduce 
‘rom it the actions that lead Lo the fabrication of the aalna's 
tools, actions which, almout withost exception, belong to the 
Snatineive category. 

aeatoemyeme 


Tn comparison with the general rhythm of the impulses 
Which contra the whole Ms, the beat-sbythm is very fo 
alguticant, fo it plays am important part cly ta the higher 
cla, A cestain beat, i i trae, cas be obueved in all 
forwacd movements by anicils, ecatae, So thae, antagonistic 
smaveneat ofthe Ben release coe ante in rela lterae 
tion, Bat dares nothing to indicate thatthe Dea according 
twwhich thee moversents ar set ing. ned in the ite, 
On the castrary, the eae with which the se of the ania 
apt themselves, a their to and fo movercat, 1 Be dif 
alten presented by the grond, depeods on the lack of an 
faternally Gnod beat. AB a me, the foe extension of the 
nse tale place quicker than the pasing back ofthe gous, 
Dy which the body is driven forward. 

“The capt of the git i, to meat case, 20 wel adapted 
to the condition of the ground, bese the excitatcn fows 
te the" antagonist,” only wen that i actzally onthe stretch, 
‘Thar Bappens, however, only when the " agaist bes con- 
eared, end ft cepeesetatinm have been "locked ” gaint 

tation, hla thowe of the extended antagenist sre 
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“The rate at which the extersion and contraction in the 
‘muscles ofthe its alternate, depends in considerable degre 
cn the obstacles on the path at dhe time, obmaces which 
the musciey must overcome by their contraction. If an 
internal Deat were trying bere to regulate the movements, 
‘this would only ac to the dicate 

‘We fd an intercety deteresined baat only in those efector 
organs that have abays the sume obstacle to overcome, 
such aa the hearts of vertebrates, the margin of the umbreBa 
of jelly-Gsbes und the wings of imcts, The hearts of investe- 
Tuates move according to the geceral law of tension ; their 
Dent, therefore is notin constant depeadence on the amoxitt 
of blood they soutsin, The stroke of tbe wing ia bind is 
imgulated all the te by the receptors, while in insects it is 
aly the beginniag and the eod of the ehythmieal wing-beat 
that depend on these, the rhythm ise i quite antomatioally 
‘exerted from the wing-romcte centres 

‘The eBocor organs whic preserve thir own beat-hyth 
lave for this an arrangement of their ows, which i expres 
in the vocalled “ retructry peri.” The refractory period 
shytlumically lowers to nero the theshold-vatue for Uhe regular 
waves of excitation Sowing to the points where the nerves 
enter the muscles In what the arrangement consists has 
aot yet been uscertaised. 

‘The beat-chythm in the receptor portions uf the seering- 
mechani fs of quite another Kid. It serves to transoem 
the external shythms in the surounding-word into an indica 
tion, xed in this way to &t these isto the workb-ay-sensed, 
[Lat ux imagize that « chemical idechange of unequal rate 
untimely controls the mark-orgas of an asia; then we 
should see i this the means by which the animal would be 
‘ble to refer extemal thythims to its crm Dest, and thereby 
onnect them into aa fadication. 

‘As we know, the power to forms indications i ansetated 
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‘wich the posilty of bringing is certain representatives 
fo certain stimull. Io a brain hat i extended is apace, 
‘the pouty exists evecywers of wing spatially separated 
cxmtes a8 representatives for the small coming ifam 
‘various directions, becasse the ceceptrs are in a postin ta 
‘aston the malin the frm of excitation to nerves separa 
Su apace. Ti also pousbe to translonm exteraa!movemcats 
Into indications, because these pert the representatives to 
sound ovt in a certain seqsence, and ene captain may std 
fu place ofa certain eee of rpteemtatves 

‘The amangement of spatially separated repeentatves 
fas, However, as soon a8 It is a question of more extended 
sequences of external stimall. Now, at istications, the 
extemal rhythms play & very small part x the lle of a 
nial. om fem animals thece are that cam recognise & 
sound-sequence again! There are such cate, however, even 
srmong the kee animals, Unquestionably the beat-rhythma 
serves as an indication when the female hare warns her young 
of danger by a Hhyfamical secs of mocking sounds, which 
she makes with ber foot on the ground, When the male of 
the American glow-worm, by & mhythmiea!" short-oog "of 
ita ash, causes the female to react we ste that the power 
to appreciate beat chyhs a indications it more wideprend 
‘han is generally eupposed. 

For the study of the werkbas sensed, such observations 
fare of peat intrest, for they give ws the opportanity of 
‘ining the qoenion, “Tn what sensed-worlds di “tie frst 
‘appear 2" One thing is certain—that only the preseace of 
4 peeve interna! beat chythm pert the animal to break 
1p time into series of moments, and thereby make we of 
4 as an indication. Animals without a receptor bert rhythm 
‘aly live in time, ike al howe we choere (lr we see 
everything in the frome of tie); they may even pefoon 
‘ovemants accaling ta a beat: but so ang an they Dave 
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no internal timestandard capable of bringing together in 
‘mmol groupe evants ia the outer wold, they live without 
‘ene, without past oc future, in a perpetual preseot. 

‘Ti attezpt has been made to refer the inser Beat-shyth 
‘0 mechanical arrangements; but since even these are subject 
‘to cantrol of the animal's working, we cannot get on without 
assaraing « brat-forming impalse-system. 


‘A carelenly chosen word may cause incalculable barra to 
‘rience, if t contain an analogy going beyond wint is actually 
Jknown, and so give to reveurch © misdirection, Soch a word 
in“ adaptation" Originally by adaptation was meant only 
‘the unshakable fact that all asimals are suited to their 
cenviroaroet. 

Bot the word omtatas an analogy with human nctivity, 
fie of the making.themselves-sitable-to-one-anothes of to 
objects A and B. So that the word Introchoed (we voets at 
(Principe, which did not arke from observatien of Nature, 
Firat, it is stated that A and B did aot suit one another 
from the beginning, and secondly, that the business of be: 
coming sited cequirs a certain time, 

By the anivereal adoption of the word adaptation, men 
of science were corpelled to sce in the mutual “ harmonit 
ng ” of organisms and their enviconsoent observed in Nature 
1 process which is gradually accomplished. Some relations 
tween organiams and their environment are better adjusted 
than others, 

This wssamption, however, was ia direct contradiction 
‘to the actual tacts observed, for which the term “ adaptation 
Yad boca choses. Bat 22 soua as the word had been 
‘semilated, the contradiction was overiosiced, and the lctors 
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were sought that weze sapponed to have brought about a 
sgadoal adaptation 

So for decades the word “ adaptation ” hay served a & 
false siqn-pont, whieh bas taraed research away altogether 
from the right peth. It tine, therefore, to choose a ward 
Chat contains 00 fase themes of the kind, bet repro: 
deen nothing bat the naked troth. “ Congrvity ems tome 
‘teem ofthe nd, sen tamer nothing bot dhe undlpoted 
fact that organo and eavioament anit ene another, The 
question remalna open as to whether the congruity was pssent 
trom the Deginaing, or whether it was gradually acquired 
In the latter ease, we shoal beable to discover relations that 
sxe more icongrioas than others 

‘As we Know, this question has abeady een decided. 
Thase fs 0 " more" or “lem” as regards congrity. Coo. 
amity is abvays pevec, a0 far as the means at the disposal 
of the animal excend. If all ngoniens are perfectly con- 
(r00as with their srromding-work,, there Is no such thing 
48 gradual atainmant of perfection; the perfection of eot- 
ity exists everywhere from the very begining. 

If this be admitted, tbe paltry analogy with the Msman 
‘way of ding things collapse into nothing, and we stand face 
to face witha eal law of Nature, as Sree fram exceptions a a 
he Lew of gravity. 

very onguaisa, 0 Joag 26 it as ais mechanica) and 
chemical properties coagraous with ts suerounding-word, 
in perfect conformity with plan. This at ooce dizposes of 
‘the doctrine tat denies conformity with plan in Nature. At 
‘he tame lime—and this tle obviews—the doctrine of 
‘acpoteuloes in Nature falls tothe ground. A purpose, Le 
sn {dea postponed to the fre, in mo way caries with it 
‘guarantee for the complete explcitation of all the avalabla 
esourote; this will always be ealy mre or fet completely 
eae. 
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Kart Brust voa Baer, who ia his day investigated this 
robles very thoroughly, alo decided to deny purposetal- 
nets in Nature akogether, Instead of" purpose,” he declared 
hat “ goal” was the decisive thing. We can make Baer’s 
‘ea clear to oareives by an example that he selected. When 
1 bullet leaves the barel of » pun and bits the target, the 
‘target ls the factor that preseribes the path for the ball, If 
‘we imagine the act of shooting to be eliminated, we must 
‘uetibe to the ball ite the property of Being induenced 
directly by the target in the dicection its movement takes 
In such a case the ball poweses what Beer calls“ efort 
towards 8 goal” 

Tn the same way, Baer decaes that the ergo displays 
flort towards a goal. Considering the time at which he was 
‘writing, this presentation of the matter wan quite comet 
1 mulered, however, rom the circumstance that the (anget 
‘was placed too neat. Wf what we have ia rand ts not the foll- 
rows body, but iis congraity with the surounding-werld, 
‘hen the environment becomes the goal into which the body 
with all its receptors and effectors bas to grow. But from 
the saroanding world, namely the inorganic medium, no 
‘nfuence can proceed enabling the germ to fllow 8 definite 
course daring its development. A direct recipeocal eect 
between germ and surrounding world, such as the doctrine 
of eflot towards » goal presupposes, cannot be asturved. 
‘The main dificaity—namely, the congreity of arena 
and eavironrent—is not solved by effor towards « goal 

If we could ascribe to the environment all properties, 
snd these in their fall degree, he sohation wool’ be spe, 
‘Thea every shape amuroed by the animal would sirightway 
be in congrlty with the outer world. But things are not 10, 
‘When an ania gets into w strange environment, It is wsoaly 
‘unabie to make 4 miteble smroundingwworid for itnelf, 
nd, boone it canack ft is, it persben, The external world, 
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it in true, always pocessne many more properties than the 
‘nloal equizen forthe construction af its surrounding need, 
bout by 20 means sooogh to satisfy all imal, We have, 
acaordingly, the remackabe fact that there art actally & 
limited number of certain properties present is the extersal 
world, far which the animal, i s to prospet, moxt develop 
‘in ts Dodily structure corresponding counter properticy, 
‘Walch sball Sti wih these ke pegs and sockets 

“The extercal word ofes tothe orasiam a certain number 
of properties weparated in space and ia tine, from which to 
select, aod therewith the pousitity of making 2 poocer of a 
richer surrounding-world. But the external wort isl! tet 
‘po part in the election, which hes to be made by the ergaisna 
‘withoat extemal asitexee. 

‘We have to come (o terms with this fact: on the one 
side ase the properties of the extercal ward, which exercise 
‘be diection-giving infurnce; and on the other isthe living 
erm, which poasenes no organs tat cond give it knowledge 
of these propertct. And yet we see how the embzyo un- 
ceingly procuoes definite counter propartig, whch St into & 
efnite group of propertie in the extzzal woeld, 

Since the discovery of the gazes, we Know that in the 
ermina rudizents all Ue pags 22d sockets of the counter- 
‘ropertea are pecaent, and. theve they ooly have to shape 
According to a certain rae, in onder for the comgraity with 
‘he external world to be complete 

‘An we low, the rule of shaping is not mechanical, but 
in howe by other factors than these with which we are 
rcquainted through physics and chemistry. I have called 
‘hen face nape, an have showa that they are ncloed 
in on impuise-system, having ax interoal euibrium both of 
‘8 epatial and of a temporal kind. 

Te only remains fo abow hat the ipubseaystens cart 
spond with the groope of properties inthe extemal word, jont 
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49 sricly in conformity with plan as they do with the pro- 
erties of tha germ whose shaping they control Beyond 
that, the state of oar knowledge at the present day does not 
permit wa to make any aficmation. 

It bs only through « diagram that these mysterious re- 
Jations permit of concrete representation. Let us tae #9 
‘the starting-point the impabesyster : through the individual 
‘apules i) this affects the genes gg @ i x super-mechsnicad 
vray (as is indicated by the dotted line). [9 a mechanical 
ray, which, however, in virtue of the ‘mpulseiavasion, 
striving towards a goal. the genes permit the reflexare to 
arnt, which fits into the indicator, on the one side by its re 
cxpter, and on the ether by its efector. Stave the aucel af 
the vetecve plawm retain their genes, the influence of the 
impels system on the body ic Repl pestcuent. Now we have 





0 aamume that, atthe critical point, the Sater eqailibrnas 
in the impolseayatem weer sound, for ftom thin singe onwards 
the directing of the cnastruction of the developing body 
Decomes the directing of tbe worng ofthe finished oxgusin, 

‘Once we have accaste=sed cuzvelves to the idea that tbe 
whale direction of the onganiam, in the apecim and in the 
community a weil as in the individual les én the hands 
of a sapersmechanica! notaral powec, which isto be recognised 
‘ot only throagh rales, but ite acts according to ruler, all 
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‘on the globe derives a new content, which is acoeible ta 
‘nvertigation. 

Tt is not intended that this shall be the eetement of 3 
new dogma; merely that the way shall be desred for study 
cf the old but ever-oew inquiry into the “meaning” of 
lie, a problem wecthy the earnest fort of the noblest minds. 

Conformity with plan, a the ultimate satura! law embrace 
ing all living things, is once move laid open for biologial 
investigation, Conformity with plan is the guiding law of 
the impulseaystems, by the aid of which it organiser all 
living matter into subjets, and the coming and ging of which 
it controls, as well ar the relations of the subjects to oae 
another and (o nom-ving Nature. 


‘VU THEORIES OF ADAPTATION AND OF CONGEUITY 


we tegaed the wor (ron tbe standpoint of the theory 
sf adaptation, chen each orgasm isthe prodact of influences 
to which i has ben expoted for thousands of years. Every 
object, Implement and cxganiam is its crvironment bave 
Ahwie sare ln the transformations that it bas undergone. 
‘Toe media, asians and plants et thes stamp on it, Ths 
etre ocganke aad inorganic envzcament, light, and run, 
‘warmth and cold alter and shape the saseptible protolat, 
nti! at last i& aamames the form, colour and consistency 
that ausure ta permanent place in the work 

“Thcoagh iamsmernble "errors the everasing “tials” 
cf Nature {which permis ll the agencies within itt induence 
ach tingle oasis) lead on towards an ultizate product 
‘hat sball have achieved the suitable for, making it wholy 
cameron with the other werk! factocs, 

‘Tha Darwinian theory allen only an approriate er- 
plusation ofthis dogma. Tt points ont that the prodection of 
cfspeng ie wo exarmots that if exch orgecsm sould sully 
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‘without restriction, it would soos crow’ ont a the others 
‘That is guarded agaizst by the struggle for existence, in which 
‘ll animals compete with one another, a sirugrle that males 
for balance in the world, but at the same time permits of 
finee end fer sxiection; for only the “best wiayted” 
egurions are capebi of morviva. 

1m onder to enter mare dose into this iden, Yet us fet 
of all neglect the super-oechankal properties of xximals, 
and regard them purely ay machives, having nether buslder 
tor director: them all the protoplasm ix thi werkt appears 
x substance undergoing « kind of fermtation, and broken 
sp into a great variety of parts—a substance that, daring its 
cdranges, is continually being inffoesced und shaped by physial 
tnd ehesnical agencies, until machin art evolved that are all 
adapted to ote another. 

1 certainly requires « powerful imagination to assume 
‘that any machine capable of fuoctioning could arisn in this 
way. But the Darwizians peovide the requisite imagination, 
‘Unfortunatly, they carcully avoid the mare serious consee 
quanom of teie doctrine. 

‘All the pysizal aod chemical agencies are wupponed, by 
hi exterua infloence, to carry cot the creation of form 
on a substratam to which so properties can be ascribed 
other thas great power of reproduction and variability, AS 
som sa we presuve any tendency whatsorves inthe fermentae 
‘ive proces to have « goal o give direction, we ae forsaking 
he Darwinian basis. In this respec tis eoentially diferent 
‘rom Lamarckism. 

‘The direction followed by the shaping is exclusively 
‘ependent on external factors. Now animal machines do aot 
enait exclsivly of external organs, but also of internal, 
od these cannot be intuenced directly by extertal agencia, 
How age we 10 lnagine the penasis of rch argue? is there 
‘ewtrugge for existence even ancong the organs? Rowx put 
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this problem very clearly. But be met with nothing but 
‘complete silence x the part of the Darwisians, 

It is obvious that any machine rust fall to pisces if ite 
wheal, instead of coopersting sccording to the tame plan, 
‘work sguinst oan another, and Ury to increase at one another's 
expanse. But im no circumstance wust there be a plan at 
‘work, or the whole doctrine would colspsa, 

‘To Nature, however, itis more impertant that her crea- 
‘Hons should not fall asunder; than that a theory, hewever 
elaborate asd ingenioas, should come to naught. And so she 
Ihas constructed all anizaal machines in fall accordance with 
lan. In all organisos the various organs do not beccme 
-Adjeated to one anotber by mutzal wearing uway—a method 
that no machine could bring off—bnt, from the very autet, 
‘they are quite perfectly“ congreoas " with oar another, 

It we proceed from this undeniable fact, and conclude 
‘rom it that the like coograity also exists between the organism 
‘and its surrounding. word, the woeld takes on a totally different 
‘pect. Each organlam is thea 20 longer an impression of the 
‘universe, bat, like any machine, is inserted ia a perfectly 
definite cicela of activity and congruous with the objects, 
Implements and organisms of its eacroumding-warld. Tt is 
‘not the enviroaing world that bas given the shape to the 
fonganisn by an inlocace from without ; an tanec pls ever 
featses (9 arioe from out the geem-plasm fresh onganioms, 
‘which are in harmony with their srrounding-wee, 

‘This plan i Utalf the conatractar of the onganism, and 
comes to expression in the peotopiaam by the belp of the 
Jmpalies, which It forces to the work of shaping. 

‘There are as many plans as thae are organisms. The 
plan of the Sadividual never embraces the whole oniverse, 
bot just a sceall, sharply delimited portion thereof. The 
plan of the individual inckedes more than the shape of the 
‘organiam that It creates, Bt sever moce then the organism's 
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surrounding-wortd. It never crmntes this saroanding-wod, 
‘but, throagh selection, bieds it, by all its pegs and sockets, 
into a unifed ousting ooukl, which intimately embraces the 
organiam and is reoxptac and effector functions 

“This mould is the Motannel, constrscted entirely fram 
Indicators acranged in space and time, Here the exlstence 
of the anizal i passed, consisting as it does, not merely of 
strugye, at ofall the functions ofthe We 

Ie ln the ta of biclogy to serk forthe plans of the lee 
tunnel, and to investigate the complicated ways ia which 
‘they intersect. 

‘The plan fo each lf-tannel i xed, and ao inthe creature 
‘withiai¢ that takes om shape and power to move, But the 
carrying out of the plan depends oa external cteumotance, 
which always induce deviations, These deviations bear a 
elasory revemblance to the variability of organics, and 
for the thecry they are of secondary importance, although they 
‘may come into the Ue ofthe individaal and determine it. 

t was reerved for Darwin to make what is sooondary of 
‘rimary importance, and simply 0 deay the iain feature, 
ftamely the defsite plan. By doing this be eecued the 
recognition of physics and chemiatry, bot be wrecked his own 
science, bislogy 

‘The mative plan of a organic, which surrounds both ft 
snd its ife-tannel, f only a part of the plas of the specie, 
‘which unites relsted organizes into 2 whole of a higher order. 

‘The introduction of the plas of the species, which, a» the 
‘conseqoence of sex, brings together into one comma lie the 
confosing abundance of separate ives, belps 0s to understand 
he manield deviations of the individual pans, which in the 
species fow together into a whole that expreses plan. We 
ace then faced with large organism, stretching through log 
eviods of time and acrom large spaces, orgaciams whowe 
(arts, the fadividual, are tte into one another. It strum 


(CONFORMITY WITH PLAN a 


‘at we are ten atl ar frees the attainment of x neal survey 
of the whole ; but we are on the way (0 it, 

Conformity with plan is never given us directly, but le 
aways yielded up to us. That ie to my, if is our task to 
lacaver it by studying the association in the wing instance, 
‘Toat alone 1s dialegy. To deny conformity with plan a 
‘certainly convenient, bacanse it relieves ut of this heavy 
(task; but (0 act in this way is not sclentise. 


‘The pecaliaiy of every plan that Ue at the back of an 
organ sonasts Srtiy in thin, tat Hat one tne Gade 
expreion in infencng the sheping ofthe ergot, and 
soonodly, that is manifest in She aetioe ofthe indore 
and thei combination ito an indication tera. 

“The fist inf ofthe plan forme in che unas body the 
op and veciets that &t into the of the indietorn The 
soon bal ial sects and takes over the pgs and sockets 
already pment iz the indicators, and. by 6tting them ia 
with the wckets and peg it as formed in the canis, 
it camcts them af into» ait, the indication-annel (or 
surrounding wel) of the animal 

1 eften happens that ve property ofan animal belongs 
te one plan or to sever, acoring to whether it merely 
‘member of the erqaoation of the crstre that bears it, 
or appears ax x incatin ix one oc see othe other 00- 
rounding weit. 

‘echape the prsnce of the Gat aif of the plor—that 
wich quveme the shaping of the animal—wil be azcepted 
whout contradiction; whereat the smcond hall—wich 
concerns the slcting ofthe indicators—eay excite question, 

Se long as we ace unable t 8 cursive of the ides thet 
the plan i Lodged, putin, fa. the germ of the organism, 
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we are not Kiely to credit it at the same time with the power 
cf having such a knowledge of the universe ax would enable it 
occu out therefrom juat te piece that suite It, 

But we mont realize leary that the very mame difiealty 
‘exits in the case of the form giving part of te plan. How 
te the impulzes, cammscted into aystem, to acquire know= 
led of the vabstances promt in the gor 7 And if we are 
obliged to admit that Ubey do directly contro! the xbvoltely 
foreign materai of the germ, there cersins no ground for 
Boobting their indict contol of the indicators through 
‘election, «contra which Lewise can be demoastrated, 

‘We must try to expand the far too narrow idea of & ubjec- 
tive plan dwelling witha all exgusiams which we involuntarily 
set in the plaze ofits dizect activity. We most take a general 
view of the sphere of that plan's infsence as a whole. And 
‘theo we shall peceive that the plan is able to shape relations 
fn time exactly asit can shape those in space, so tha i cannot 
‘oe transfered to point, ited in time and space, within 
‘he germ. The impabe-ytems which ws may call subect- 
plan, or, briefly, wabjects, ia their arrangemert contral the 
timerrelations, not only daring the genesis of the organism, 
ut also throughaut the reat ofits fe. Youth and old age, 
sleeping and waking, the period of sexenl raturity,—tbese 
‘are Just as firmly linked as is the arrangement of the limbs 
‘in the body. 

Ta cootrast to the doctrine of adaptation, which places 
Aime outside the life of the organiam, and regards it a the 
ctual former of te species, the theory of cangruity repurda 
tims on factor undec the contol of the organising power. 


ORGANIC ARD IKORGARIC ACTIONS 


‘When we look at a stream hurrying dot through the bed 
‘which it drags along with it, we know thet it ix obeying 
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Aleectty the forces of gravity and ticton. The reultant of 
‘these forces gives us the result directly. We can draw a 
‘porallelogram of the forces, and straightway cslealate the 
reanlt therefrom. 

‘The sume is true of a stream rushing over a mill-wheel 
that it canoes to tua, Bat in the fret case the action of the 
stream 1 without plan, while in the second it belongs to a 
‘yptem (to mae Drissch’s expcession), and so expresses plan 

‘The actions of organisms fall into neither of these cate 
{ores for ia then a new factor, the indication, is interpolated, 
Detween cause and effect, Unlike the stream, many animals 
run quicker ophil then down; here the renlt eannot be 
calculated from the ferces of gravity and friction. Their 
actions are not determined directly by soechanical foros, 
‘ut only indirectly by the indication which releases within 
‘her their own force, and gives the direction to their move- 
ments 

[Now let as suppose a sell-construction by machioes that, 
in order 10 execute the action, Ukewise require 4 defini 
‘timulas for the releasing of inner Frees, Machines in which 
‘the external stimulus serves for steering can be imagined, 
it is crue, Dut they Bave not yet been made. 

1a general way, then, we reckon the actions of animals 
‘as mechanical, if it can be shows that eh forces present ia 
their mechanism are merely relesad by external stimali, 
‘and then complete the action automaticaly, a9 in the rear, 
‘The external stimaas in this case, however, in virtue of special 
ferrangesments, serves not merely to release the inner foroea 
for the mochazim, but also to ster the movements, and it io 
‘hen called an indication, 

‘The super-mechanical actions of animals (among which we 
reckon, slong with development and direction, all the plastic 
sctions) are not conditioned indirectly by am indication, foc 
they frvt create tse internal conditions that lead to the seec- 
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tion of the extroal stimall. They determine directly what 
shall serve 8 stimaley or indication, and what shal noi, 
since they form the iterzal framework anew, or pai i 
or rearrange it. 

Seen from this point af view, the dificrence between 
machine wad orguniam cax be defined quite precse'y. 

‘Both machines and organians show two kinds of actions 
‘which are emeatally different from one another, (t) the actlon 
of groets, and (} the action of function. But the ation of 
(enesis in the organism (to which regeoeration of destroyed, 
lore sto be recone is iret, whereas that of machine i, 
‘without excrption and ia its very mature, indirect, sine it 
rooreds from the actions of its coestructor, which wre 
conditiongd by indications. The functionaction of the 
orgasim ip always inet, became itis a up om ini 
tions, whether these be fed once and for ali by the framework 
‘hat makes the selection, ox, atin plastic actions, are con- 
Aitined by the newly formed constroctian of ube machinery, 

‘Tae fenction-sctian of the machine i, a = ral, vet, 
and requires no releasing stu, because the whole stern 
4a focumed on tbe eect of one definite external force, whether 
‘hat be the force of falling water, or wheter it be beat, 
sin the case of steam-<engines. 

‘The sopec-mechanical actions of the organixm cesemble 
inocpanic actions ia proceeding directly. Like the forces of 
inmeganic Nature, they are therefore the outcome of actual 
aatural factan. Bot they appear to contain « pias, because 
they erate 2 system, and $0, on their side, they mest be 
refered bork to plan system. The Greeks abo refered the 
sctions of inorganic Noture to x syztem, and we cannot 
imatnaxin that they were wrong in so doing, Even at the 
‘react day we involuntarily bate the concept of Nature om 
‘the ea ofa system. 

‘Bot the eystem that x expressed in the wuper-mechanical 
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elon of the orgasim we refer to dfnite,delinited majo, 
‘hich In acordanee with its impale, arranged conformsbly 
‘ith plan is able to eect dineey definitely organised shapes, 

‘As we saw in the previous section the dial in the way 
of understanding the actions of the eabect eset 30 meh 
in ci azety prodscing torme capable of acting indect'y 
Ahrouth indication, bat Ia the section of the indieatoo. 
‘that aocompanie the shaping, 90 shat eltinately an ind 
vidual is produced which i perfectly fitted im to. an 
{ndication-tance 

-Evea we human beings, in cousructig our machines, have 
to oatider geting u satabe enviranment; fr every action, 
‘oven the simplest, tas reatien to etain objects, Oe poe 
erils of which oust accordingly be tae into acrount 
Tt doing ths, we re guided by or indication, and noe only 
make «selection from thee. at subjects stand in a eaten 
te the universe that tows ks totally obseare: they are parts 
ofthe univers, ke all ther natural factors 

‘We can state confdently only this mnuch-—chat there 
are natacal factors ating in atcondasce with plan, and with- 
‘at thee factors organic life would be quite Snconosvable. 


We have now clatorated our point of view so far that 
we can easily attain t0 « critic understanding of the two 
‘Toont important theories of life atthe present day, and explain 
their contradictions 

‘As we low, Jennings buit tis al-embracing theory 
ef “tal and error“ on 2 single example, which was 
to be typical of all l’s manifestations, A dog, which as 
trae could exaty jump throcgh « gop in fence, tied to do 
so when be was carrying his master’s stick beld cromwise in 
‘is mouta, He failed, because the gep was too narrow. Then 
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Ie took hold of the stick at various places, until he managed 
‘to jump through with it when he held it by the crook, for 
‘Row the stick no longer presented an obstacle. 

Undoubtedly itis of very great help io biology to peck out 
typleal examples, became only trough such can we get 
visual representation. Bat we most careally analype the 
typleal case down to its otimate elements, it iy to wave 
1 an exphination of other cases. 

Tn Jennings’ example, it ig obvious that the dag behaven 
differently from 2 reachine A driverlaa motorcar, for 
instance, woul! have smashed the stick, ar would have some 
‘ton tandatil in (oat ofthe gap in the fence. Soin a omtain 
‘enge wa may sy that here we have a typical example of & 
“ing " actiog, a8 opponed to a roechanical 

‘We might jast as well take the case of « fy, which onmen 
to 0 window-pane, hts it with its bead weveral times, and 
‘teen 90 louger treats it aa though it were ir, but walks about 
08 it an if on the ground. 

1n both instances, through the coming in of an indication, 
‘rearrangement of the action is mndertakan, 

But Jennings’ experiment tells os nothing further, Rightly 
‘understood, it soggests that all tbe function-actions of eaimala 
are determined by indications, while thone of michines are 
‘pot. In eo far, it i typical. Bot there ia not the dightast 
(ground for trying to make it bola good in the cane of develop 
‘mental actions, And fort at litte wil it serve as evidence of 
‘dapiation: for Doth the olf and the mew indications ware 
foreseen in the organisation of the dog and of the fy, und 
‘the new netions also lay within the normal one conditioned 
hereby. Moreover, the necvous atecring-gear that undertakes 
‘the change was already present in both cases. 

Meanwhile Jennings Meelf became convinced that the 
‘comperiacn of the gmmeain of the organism with the behaviour 
of the dog ic open to objection. For through experiments 
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carried on for 2 number of year, ad stown that the plan 
according to which a Parameciamn develops rexains constant 
through many thousands of genaratioas, and its place cannot 
‘be taken by blind experimenting in Nature. 

‘Although the doctrine of tial and erroe completely 
‘alee fe in the case of the gens ofthe organise, feings 
4nd his pupils cannot bring themncives to explain, by re 
cognition of specie biota! facter ia Nature, the obvious 
Aiferences between organic and inorganic actions On the 
contrary, they try to get some eaderstanding of the actions 
of anizala on the bats of bmn peychology. Like all 
payebologists, in se doing they change their standpoint and 
‘think themselves inte that of the dog carrying the stick. 
‘To be consistent, they should also think thmsclves into 
‘he insect ast fine agsitat the window, and put Iman dees 
fata it 

The outside observer is quite unatbed by thin, He 
‘wants to know an objective reason forthe bebaviour ofthe dog 
and the fly, and he rejects presumptions that be exanot coa- 
trol, Accordingly he mths for ssl in the oobide world 
‘hat might urve the dog and the fy as indications. And the 
lenowlsdge of these solves the problem completely as regards 
fanction-actions. In 20 doing, he i conscious that the indica 
tions are draws from his own appearanco-werid, and be docs 
‘ot seek forthe indication signs that slumber perbaps in the 
sminds of the dog and che Ay. 


J Loeb, the founder of tbe doctrine of teopisaas, comes 
from a far too exact school of physics ever to try to explain 
the obverved Mle-processes by the aid of peycbological hypo 
thease, He never seekt an explanation through the mind 
fof ‘what tals place In space and time in fall concreteness. 
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eis as munch averse to explaining the acta of ax animal 
‘ough its wal as be woeld be to ingating into the soul 
ofa seamengioe 

Nevertheless, be is nearee to biology than are other 
hysizt, For Bim the weld does not conalat of 3 ape 
Iamard dance of atoms, but is Sled with mechanams and 
machine, which St exacty into one another. Loeb is moch 
‘too much ofa profesional s regards mechanical problems ever 
to recognise the docicie of adaptation. No oae emuld ever 
‘ersoade ims that a motor-car could develop out of a bicyee, 

He openly recognises the congraity of crganivmy one 
With another and with ebetr medium, without resorting (0 
hnypsees as to macontroDable seer of ancestor, and 
scoring he san cutspoen antiDarwinian and an opposer 
of Jenings 

‘Toe mechanical side of the liteproblem bas in hin is 
smoot content and igi chaspin. tn fghtg this cause, 
Ie tries to pave ie line of thought to ity extreme, and 
Ais ready brings him into opposition with wellknown 
Dilgical tacts 

‘As a physicist, Loeb recogni from the outet that, 
1 preliminary to the vadertandag of the movements of 
xioulspechines, there most be exact Knowledge of the steer 
ng, Now auch of our machines as pertorm spontancoas 
‘movements consht,withoot exception, of an apparatus that 
is solely efector, capable of carying out Joorzction in a 
determined direction only when extersa} fore impast 10 it 
the right guidance. Loc, judging animal-mschines fom the 
sas0e point of view, loko fo the factc inthe external workd 
‘hat shall do this for them. He finds these inthe“ directed ” 
forces of the external world, and primarily ix ight and 
savy, and accordingly attempts to explain the diected 
movements of asiauals by two factoen (1) the animal's loco 
‘Rotor appecatue and (2) tbe dcetiongiving agent extide. 
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In this way be bas suooceded in explaining ¢ number of 
Kinds of animal movement as “ topizms “ (ie. a movernent 
ected from without). Keotropiom, phototropiem, geo 
tropiom, heotropim, ete, bave beoome useful shibboeths 
to include a great mumber of similar moverents io very 
ferent animal goes. 

‘But Loeb’s doctrine has not gained any general recogaiton, 
for it leaves ont of account ewsentad parts of the animal 
‘orpiaation, A living creature, even if we try to reqard 
it a a mere machine, does not consist merely of an efector 
portion, ou our machines do; but also of = eceptor portion, 
which it converts al the inftuences of the extemal wor'd 
into wn indication which then deals with the steering-gear. 
‘And it ia not permisible to put on one side this important 
part of the life ceganiation, as Loeb has done, Even when 
externally directed forces ase prsent, these mut transform 
Ahecudves within the animal lato an ioteetan, which thea, 
fm mcenedance with theve external stro, presriber the 
animal's own direction. 

1 ee wish to compare machines with animals, we mst 
first, then, construct there to correspond with he animal 
body. Tt is not enough to assign to them elastic forces 
of their ows, which can be released by selected external 
forces and so peciorm actions. This is found also in the 
efector portion of the animal ocganise, The part that 
sakes the selection must be Sted up belore the stecing- 
‘apparatus, if the external stivula isto act an the directieae 
siving indication. Even in this ease, the remmblatoe woud 
‘contin to be purely exteraal, because every organi ceassts 
‘of cll, Which are all of them active, both as receptocs amd 
8 effectors. 

‘Aud in addition (oat this, the oper mechanical capactisn 
of the crganiom are not taken into account. 

‘Apart from theon shortsomings, Loeb's doctrine semains 
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 seroes entenpt to manage without any amateurish accee 
tories, J haa 4 fem mechanico phypical basis, which it 
‘has expanded in a remarkable way, and it scorns to bosrow 
ingccore sopport frees poytbology and the doctrioe of 
‘daptation 

‘Unfortanately Loch gives his case way, an s000 as be 
foomes to speak of the bunsan soul, the activity of which 
Ihe undertakes to explain through the chemical prooemes of 
the brain It be repels the eocreachments of thn pay- 
chologits 15 explaining tbe secbanica of the body, the 
peyebologiots have equal right te set ase as arateuriah his 
smechanical aplanatlon of the lide of the mind. Even if we 
recognise law and order in the life of the mind, and ve speak 
of an onganisation of the saul there are no mchanics of the 
soul o¢ the mid. Lee's atempt to asvibe to an acidifying 
in the brain the appearance of an idea in the buman spirit 
in pouitlvely grotesque, although it not actually las in accord 
vith the facts than isthe statement that the writhing of an 
tarthworm trodden endes foot is caused by its pai. 


we wih to apply to haan beings what we have Herat 
trom Diologal couldeetion of animals, it to of the int 
importance to choose the right standpoint, permitting us to 
lew not meey esas Beings themadves, but abso thee 
warrounding ~woclds, 

1 we mount up ia a captive alles, nas beings at 
seat recede om ut and then, at a crabs pit, this change 
{nto ete recon tn sae. They seem race cut aga, 
Tt very much aul. Let ws choose the moment when 
thy tae sumed then of age set ach ws « dng 
fy er x pamhoggee. Yow at eur bimws tv cored tase 
fie creatures which oocpy Dut tiny atin-cei the 
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‘yastheriaoa, We see the river, a8 00 2-map, breaching away 
like blue ibbons ; the mountains bave become mere mands, 
and the cities playthings, Withia them the homencul 
move to and fo. 

‘Unlike what happens in the majerity of unimala, the 
sensed-worid of the human belng als etrace his efector. 
‘organs and thnir activity, So it i posible to form real 
implements based on & uzan action-ule, around which 
certain properton arrange themmives under eoxsplilon by 
the aches 

1 early childbood the implements are stil few in camber 
‘As the man grows, they become more numerous, and soon 
in his worid-as-semsed we can distingnsh from one another 
implemeots, objets anc orpunisms. As obeerves, tI trie, 
‘wehave shways to form the implements ofthe people obuerved, 
on the lines of our own diagrams and actionuiss. Bat in 
apie of Use monotony of the material, iti quite posible for 
‘a to detect gre diferences i the sensed-woris me ody. 

XE we begin with the extemal envelope af the space of 
‘the senses that surrounds each ixzan being—the extended, 
‘which encloses every worldarsensed—we find, up to the 
Midale Ages, a debe wall, a= acnal frmament, which shut 
(ff the men of those days from the universe. Behind this 
4 deity was enthroned, dwelling in the incomprehensible, 
Evecything Beneath the beavess obeyed his Jawa, which at 
9 tine wre oily arbitrary, and pt men In a constant 
state of fear and dread. 

‘Thea (an TeoniLind convincingly expiing) came the 
‘poi of astralogy. The sky, with the Bix star, became a 
‘vast elockfaca, in troat of which the planets crced Hike the 
hands, and to him who knew how to read gave information of 
2ig fate, Tho worlds-w-suned acquired rigid lam; evmy- 
‘thing within them moved in time to the erelasting lock, 

‘Then Giordano Bruno rent open the ron of the beavens, 
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und in ite place pt space, cite and moceningless, Tn this 
boundless space, exiting cly in thought, tbe scall earthly 
<imsensions could find no explanation. Their Place was taken 
by ght years, and light centuries. And everlasting space 
smagolled these too, 

‘The deity enthroned abore the sky disappeared; here 
was no place for him i= the innite expanse of space, Bat 
vith Rim disappeared the idea of the univens. For 200 
the worldassensed rly embraced everything that wa 
there, and did pot, as formerly, seem te stop at tbe Limits of 
‘what could be apprebended by the senec. 

‘Tan newly dicovere telescopes seemed to be trying t0 
raster the infinity of space, and yet they enly pushed back 
the visi w lite farther, without ever being able to burst 
‘the bonds of the extendodl Ia the mme vuy, micropopes 
seemed to open up the world of the inGnitely small, bat 
they also were abie (9 expand the lite of the visible ealy 
smal way. Even btwren the mallet points the extended 
atvays reappeared, enveioping thea Ske a few wall, Even 
here the Ginited perceptive facultian had always to be cor: 
rected by the aid of « “ thought “space ia whick the whi] 
of atoms could yin, 

‘The infinite space of thought, combined with the inénite 
‘ie of thought, prevestet men trom recognising a universe 
2g beyond tbe pom of their ows pereption. Every- 
‘thing, positively everyibing, ought to be and mast be cared 
‘ut in the worid-es-sensed of enc’ individual burn beng. 

Sloce that tine 2 kind of megalomania has selued ren, 
‘and they wil bo loger recognise limits to the poashity of 
knowledge To the cbverver inthe balloon this sungalomazia 
‘han emneting comical in it; mas belags asem to him like 
ina gave oo wind thet they bebeve thay cat command s view 
nf the nti aniverse and master i. 

‘With the shape of the world that they atmked off from 
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the unineme, its planed construction and the control af ita 
working dissppeared, and sow everything was handed over 
to phyvical necenity. The fet thing that rlted wan the 
complete withdrawal of Interest fom the starry heavens, 
“The shy, whlch ence was able to embody fhe Sea of a peo: 
‘idence enthroned above i, becare a wearsonse mathenatia? 
problem. In most hasan seaucd-words today there it na 
intinction between ded stare and planets: ia ther place 
‘have come irregularly arranged bright pint, which are wome- 
bow connected together phycally 

Beginning with the Beavers. the physical proce of 
voorperition has gradually invaded the whole of the world- 
sursenoed. If we asvume trom the beginsiog that there iso 
sonforaity with pln hiddeo behind nataral pheaomms, but 
always just the same matheaatical calcalation, complicated, 
itis tre, but ottely stupid, thea all atexest i these thing 
ut de oat. 

‘Asort of rot bas eta inthe sensed words, and everything 
‘within them has boen handed over to disintegration. Sinoe 
Darwin's day, we se not ely the iocgasie objets, but also 
the living things in the sensed word of our fllow-men fl to 
vpicces. Tn the majority of sensed-werds, animals and plants 
hare become nothing bat amemblage of stomn witht 
plan, The mame process has ho seized oo the suman being 
In the senaed.warld ; even the subject's own ody i jast a2 
tuverblage of rte, and all ts manifestations have boome 
reduced to physi stoic procmece. 

TE we look dows attentively fom oar ballon 6a this ever 
spreading epldenic in the workisas-sesed, wo gut the impr 
son of « daxgecoas infections disease, The jy ia the watch 
‘oe new indications has quite lacked of, Wat isthe ne of 
searching, if we know beforehand that tbe whole thiog ls just 
{dance of atom? 

On the other hand, we peceive ax alorming redactioa in 
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indications. The world of most people whose calling does 
ot oblige them to pay regard to Natuce, is hopelealy ise 
poveribed. Instead of the thouund diferent plants and 
snimals, we see 8 deadly, monotonous repetition of the same 
tee with the same indications of "green ” and “high” and 
‘among animals over the dog and the bone are warcly dis- 
‘Gogeishable as regards their indications, Almost every: 
‘hing te is simply and moaatonoany " animal” It i not 
serprising that landscapes difler from ont another merely 
quntiatinly. Tbe more famous viewpoints are always 
‘hose from which ane can see “as such as paaible,” We 
srw able to see “many mountains or ~ many rivera I 
‘true; bot fundamentally they all ook alike 

te look into the wocdds-assemsed of the pygmics that 
tear through the woeld in wotor-<ars, we find, withthe excep 
tion of indications foe the hotels, searaly axy by the eid 
Of which wwe coal distinguish between towns or between 
Iandaapes. 

Such people, doeiting in the mast dreadfat wilderneis, 
where only x few of the commonest objects repeat them: 
selver asin. and again ad sauseam, are called “rich” a 
hough in mockery ; although ia comparison with any pensant 
 ahepberd, thay areas poor as beggare, 

‘This regrettable laying-waste ofthe worldsay sensed bas 
really asiven from the anpertiton started by the physics, 
‘Which would indsce each pervon to consider as the univers his 
(own sal ond often infrioeseeed word, universe comspeued 
of nothing bot points revolving toand one axotherwithoxt plan. 

‘The physicists have a good reason for spreading this bebe. 
‘What woud Decame of thei indestructible continuity of 
‘he world as a whole, If ence It were understood that the 
rilioas of worlds-essensed are completely independent, each 
‘with its beaven, ts sacs and its sun 7 These Inmarserable 
farmaments have 20 piysical uscee on one another, The 


CONFORMITY WITH PLAN a7 


law that forms and Binds thesis aot physica, but blog, 
comtracted ox the activity of impulsesysims amanged in 
socerdance with pla. 

‘We must ceasty realise (hat, when we deve the balloon 
‘tat gave us a general view over the sensedomorks of other 
Drums beings, and yeh our place to esetier beerver, ot 
whole world with it beaven aod stars brink together Lato 
‘hat Ute opaque taucer which, looking dows tom above, 
en discovered inthe eau of a our few. 

But ie have once enjoyed the wide and universal view, 
swe shall cary weny with us the conviction that al the many 
millions of animal and buen works are in the caxtol of a 
at universal law, which govern in full contority with 
plan, It is true that we are able to zocognise this law only 
by the ald of the means at cur duposl ia the shape of our 
‘order and content-quaites and the laws peraining to these 
(aoc as the law af regu increase, bat, ia exploying this 
eam, we shall be obliged to recognise in Nature the pervading 
conformity with plan. 

(i woddearecaed ae compared solely of the relat 
to their indicators thet ate attached by the subjects thec- 
sabes Tye nature and the umber of these rations is 
eciive for catiation ef the individasl worlds assed, 
‘To Udustrate the relations radiating on every sds from the 
abject, we may choowe the nage of & tee with branches 
ranilying fr and wide. The beahy tree wil always be 
sding out. red twige, while he sick tve Hues oe 
atts the other. 

1 wl hen appear ax the tak of each auntie to develop 
tis tre inte fall fllage and blosmsn. And it wll ale be 
realved that even te tlet trv doesnot grow op tothe sky, 
and that there is an absolute limit to the woribavsered, 
bebiod which the univeve begins Even the subject of a 
sans neighbour li onthe fa de ofthe boundary. 
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Uf we mount up stil higher ix the ballon, there become 
ofned below vr the boundaries of x small community: 
Deing, which we are able to varvey ins entire expanse, We 
om employ the method of geographers, who are able o ea 
seruct an entice parti ofthe wee aa hei mapping table 
‘he method af mucroxapy, which, unlike mieroeopy, maim 
‘the deals subordinate 19 the (amr of the wholo—and 
wwe ty to detach carctlly bom the eubateatum everything 
‘that belongs othe iuman camzounity-being, oo that we may 
spread it out on a small scale on ur wonk-tnbie. Wa gat 
‘then m dente tam, fied with le. The ebay intersect 
the danue as Sim, straight chrads, with which the network 
streets and roads comects. Towns, villages and country 
owes, interspened in the network, ase Slled with Ute 
‘human eeatuzen, which we have carcully detached fromthe 
‘earth, long with allthis tons nad machions, so that we cat 
study the whole of human predoction ws one complete (rune 
week, 

‘The undenise of the tise io the most interesting, which 
‘ows us all dhe apparatus that, lke a system of rool, peak: 
trates te ground forthe exploitation of ia treasures, Every 
‘where we see ploughs and barrows at work, sratching 4p the 
ground. Deeper thax these penetrate ds sbahe that bring 
‘up to the surface metals and coal. These dvetly rob the 
arth of ts teasures, wide the plongbs and Bectows con 
‘nally enable it to bear eh fruits, which are thea arvested. 
All products of the sil mave into the interior of the tate, 
‘which thay renovate and develop. As well as food and 
othing, they provide men with Swelings, and with mana 
for communication and fr work. 

All this is eBected throngh the enasles labour of thow- 
sd (oa and machines, which ae worked by haze being. 
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‘At the Set glance, the mea seem part and parca! of their 
spparatos, 40 clely do their actions correspond with the 
suoversest of the machine If that were relly so, then 
‘the rmmnblance o an snimal-comaumity would be complete, 
snd we shoud only bave to look around for those inhabitants 
‘wo, like tha qooens of ants and bees, see to the busines cf 
reproduction, which Se accenary to casure the perpetnation 
of the community. 

lee we ae the fundaatental erence between the animale 
community and the haman. Toe human commaity has no 
sealees individ, dedicated excluively tothe aac of the 
‘community, and therefore growa to thei tools ike the workers 
‘and soldiers of the ants. AL human beings can frce ther 
selves from their apparates, thir dothes abd thir dwellings, 
‘od still aia eapabe of execlaag the fuactions of the i 
dividual ile and of reproductioo. 1 ls ealy among baman 
‘hing that we can separate the community and the people. 

The community shows eran beings as associates in 
‘work ; the people shows them as founders of families, devoting 
‘hemucves to seprodsetion and the rearing of children. Each 
Ihoman being has a teoflé task aigaed him, as member 
cf the poopie, and as wacker forthe comunity. The com- 
amsaity quizes that the people shall provide it with vita 
workers: the people demands of ve cocamanity that it shall 
create for it suitable ooditions of fe. And tus beth com- 
plete themasives, though thay are exentially difereat fom. 
ce another. 

Lat om consider St of all thee organs ofthe cammeenty, 
the task of which is to being to the individual beiogs the 
‘itn of the earth in & suitable conditon. 

tia to be fully exploited, the egatiad extension: cf the 
‘earth requires « spatial distribution of the individuals that 
everywhere attack it. Bat the workers disttbated fn rpase 
shave needs greater thax the products of their own work 





“we ‘THEORETICAL BIOLOGY 


‘eu toy, and 20 they are refered 0 those of other workers, 
ewe Aurbeted io space Accordingly Bere must be an 
exchange of products or goods. For this exchange roads and 
railways seve, which, c= the cos hand, accumelate the gods 
and, cu the other, ditibate then again, A ceataintion 
of the products becomes neesary, at soon a8 separation in 
space makes direct exchange ieposbie. We sre how, inthis 
‘may, the goods coms sta the hands of the few, along they 
are made by the many wna ocd by the say. 

Moreover, very few products are capable of being wed in 
‘be form in which they Inave the hands af the workers on ibe 
soi. (Cor, for inatanee, amat fest be ground and then 
baked, before it can be med as food) The comeguance of 
‘isis that ther farther auerbng of goods inthe hands 
tbe few who are interpoed between the many workers 
and the many consumer, 

To demonatrate these relatos, let ws rmiko a simple 
ings ig. 6); thea we se how the ood frat Bow fro 
the producers P to the eatze ', Beare thay reach the cose 
tomers P*, But tha, ia thelr tern, art prodaom of other 
sc0ds, which must be canveyed to C* belore they reach the 
posers PW pe fects the iayeesion af a cicuating 
stream, which soythmically roadens out and thea narrows 
aqui. But we most not forget at cach stream af products 
‘rien p a8 soem wait gets to the consamner and yo the stream 
an ceculate oly if the conser i vo 2 prodacee. 

‘New thera ia one prodct that canaot be eammumed, but Is 
tn continual crcuation, bocanse it serves as the mcans of 
cachange—gold. Gold ccalten in the opposite aretlon to 
‘he strema of products, bot flows that fishy in alta 
rumifcationg, Sowing, Hix i, in great abuadance towards 
the cxate, and so passing fom the hands of the seaxy ito 
‘hese of Ue few, The centrlisng of gud, howeve, goet 
further than that of goods, Bocuse it can cralate indo. 
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pendently. Thus special gold-centres develop, which are able 
‘to oumtral the exchange of goods aver a wide se. 
‘Toe amusing of the gold-tream in the hands of a fow 
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Individuals gives these a great advantage over thei fellows 
in the community, and may result ia injury to the com- 
manity a3 whale 

‘The cammunity, however, has organs of ite own which 
determine its pecoliar framework, and they are called on to 
safeguard the normal courte of the functions aganat the 
encroachments of Individeak. Sueh aze the cxganb of the 
admingtration cf justice and of government, and 0 these i 
aotted, ac executive angan, the police 

‘Wale we may compare the stream of goods and the etream 
of old with the stream of ood and Sai ia the Body, the 
acgans cf the admiiatration of juice and of goveramest 
{orm the booes of the cmammnity, which, by ther stability, 
terve an support for the everchanging streams of goods 
Aad gold. 

1 fed roles for goverament and the administration of 
jumtion had. developed is a community, and the indvidaal 
‘beings forming these organs axtomaticaly accommodated 
‘themselves to these rules, it is possible that the community: 
aight get on witht farther oentalsaton, provided that the 
‘Ar on wh thd grown Suri I with all the necessary 
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‘rodacis, Since, however, every state is surounded by 
aeighbocs, and ta perpetually wt the metey of their eneroarte 
amests, it aeage seer Isl! faced with new contingencies, 
towards which it rust tae op a position 49 2 whol, 

Accordingy, Bex every orgnian, it requires seaeorgana 
and a steringapparatis and specie action-orpans, in onder 
‘wo ward off Dole attacks, if mead shoud arise. All heat 
organs must be formed out of indviduale 

Only such fadividuais re suited for semongana a ae 
pecially developed as obververs; otherwise they woul! only 
vale injury 

‘AL the present day we need not waste words on the 
srceaty of Raving an amy ax actionorpan, all ready to 
strike, 

Very vations views are held a3 tothe best kind of can 
structon of the stering-apparatus, ‘Thee hasbeen miserable 
faire from all atie=pes to set i he etal place a large 
ruber of individuals whe decide by  majerity. Individaala 
ae ke quai, the vale of which we ean weigh oe aint 
the other: if we treat them as quantities, the rest iy abaya 
eaninglee. So we ahall probably continge to place at the 
dead ofthe corsmanity a single being who, freed from yout 
prrards of all spel vocational interests, and concentrating 
on the Interest of the whole, sable to weiph agaist one 
another impartaly the individuals whom he entrute with 
the directing ofthe commasity. 

‘Yet none of these cousierations go to the heart of the 
queation—bow It fs pomible to compute 2 coemmunity, con 
dating entirely of separate {adividaale, with an, cnpani, 
‘whlch, ike the body of a ing create, is slely oomponed 
oftatergows eal? Ou the ent and, we bave an wzatomal 
feamework, dosely knit by means of pegs and sockets; on 
the other, «fre company of individual, which, atthe sexta 
smiving of theie propetis, eect interchange soooding tothe 
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ie of probability and without regeré to te funetans of 
the who 

‘Neverthelas we soe that this fee company doesnot form 
rarely 2 people-uity, but ako a functoanity, which fa 
thle to cary on like dackwork, So, even if inwisibe, there 
raust be pege a sockets there, for only a fraaework wil 
sre the eustworthy cooperation ofthe weparate part 

Let us make ust of very sinple Wlustrtion, Two 
‘akamich ae werkiog atthe sae rate with teks hammers 
on m plece of ioa, We ots show tat the wound ofthe fist 
‘a's hammer, att ite the ion, eeeates the action of triking 
by the second. we eave tht each of the mes is ear 
rounded by a neri-assersed and a world of acton, then It 
4s obvious that the rhythmic cooperation of the two comes: 
from the deed in the worl of actin of the Sit appeazing 
‘a6 an indication in the world-as-tensod of the second, and, 
by stimulation of the steering-apparates focatsed on this 
susivty, producing che same action of etriking in his world 
of actin als. Thi ain serves a ination inthe work. a 
sensed ofthe fst blacksmith; and 0 It goes on. One eect 
‘of the action of the Grat blackamith, namely, the sound, 
fits ke « peg exactly lato the vcket of the werld-e sensed 
of the oer, which Is concentrated on the reception of tis 
sound. If the wound-reocption by the second man i diverted 
by any dceorastance,exterzal or interal, hen the ebythmal 
sHrokn ofthe ame cease 

“Thi example explains tous very completely baw the frame- 
work is constitted inal haan beings who are collaborating, 
ectoroaoe in the work of actico f the one worker always 
serves ax pg foc the ache in the work-aaensed ofthe next, 
1 hin way we ar enublnd to cxader the machine ofthe 
camumenity a8 thoagh it were 8 wbeclwork, whieh a peg 
co cme cogewheel fs nko a socket ia the nex, 10 chat the 
whale mocks gets going 
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‘Tals simple Idea, however, can be taken as a substitute 
for the whole process, only if we bear in mind thet here we 
Ihave to do, not with a mechanical bot with » biologi! 
framework. In every case, from the action of the ane 
collaborator x stimlos rust proceed, which ix converted 
Dy the other into excitation, and this then leads to release 
of the corresponding action, 

‘Accordingly the whole process mast be dencibed as 
tranaference of exctation from organiam (0 organism, which 
(Proceeds along fixed paths, because in exch organism the 
steering apparates is focused on 3 certain excitation indica- 
‘ion, and after that appears, hands on the excitation to certain 
ectoes. 

‘Toe means whereby the excitation is transferred from 
‘008 aman being to another ix speech and writing become 40 
‘complicated, that we wroally forget their significance a9 efector 
Peg hich fit into receptor sockets 

‘The power to concentrate the steering-apparatus in the 
‘ndividval man Doth om the receptor and on the effector 
side with the degree of delicacy and sceucacy required for 
moat sorts of work, s not present from the beginning, but 
must be acquired through executing certain moversents, and 
through working out certain indications, which often appear 
‘Above the threthold oniy after others bave been suppreted. 

‘And so it happens tbat the worker rust be specially 
trained for each vocation, before he can serve a8 2 cop: 
‘wheel In the community machine. 

‘When we have susceeded in forming 2 picture of the cam 
‘munity-ctackine, we shall be able to show that here, an in 
cevary other machinery that has to run sweathly, the same 
Dae principles are i contre; samely, compulsion, varinty 
and subertination, 

‘We shall alao learn to eatimate the variety of form of the 
workdeassensed, stich bave to change with the vocstion, 
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‘and which give to each human being a diffrent stamp nocnd- 
ing to the place he assames in the community. Thus the 
community ielf sees to an everinerasing progressive 
ifferestiation of muman beings. 

‘The danger that altimately the member of callings far 
remaved from one another will sot be mutually ineligible, 
ia obviated by the fact that each idividaal belongs to a 
Taraily as well as to 2 profemion. Since the neods of all 
families are in the main alike, these provide that a similar 
Jnuman foundation is retained, from which renewed under- 
standing can always proceed ; for im all questions affecting 
family ile and the life of the poople, the seased-worlds msust 
‘exhibit We indications. 

‘The fact, #0 characteristic of human beings, that they 
‘belong both to community and te people, has Ie Lo manifold 
misanderstandings, Men tave tried to raise to the position 
‘of the ideal of the commonity the ideal of the people, which 
say be formalated a8 Sberty,aguaity mt fraernsty whereas 
the community ideal cannot read other than computsion, 
‘napuatty end subordination. Tee recenciintion of these two 
antichenes isthe ebief tak of humanity. 


[IME OSGANESN AS A ComMUNTY 


1 comparing organisms with machines, I have pointed 
out that, in contrast to the majority of tecls and machines 
made by man, they consist of very small unite, the Boundaries 
of which by so means always coincide with the mechanically 
‘conditioned houndarts of the organs. I have refered thi 
state of things to the organitte's mode of genesis, and shown 
‘that there are " sign af genes” in the cel-boandaris, 
Apact from bones, hairs and similar cet-products, which 
‘show na cellular structure, the whole body is composed of 
calls which periat throughout the entire fe, They all show 
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he farolar twofold structure—a mechanical portion, which 
dures in the performs of work by the organs, and a proto- 
plasmic portion, which carries out the repairs. This resideum 
of protoplanm isthe means employed by the contr! to taal 
injured organs axes more capabie of functioning. 

From this it appeared that the callalar structure of the 
organs and tissues was safficiently established, and the fact 
that remote portions of the body, such a8 the Has of the eye, 
While canting of cells, yet bebaves like a polished, homo 
gentous Jens of glass, seamed to raise no ferther problems, 
‘The skin, consisting of thoasande of cells, and with it the 
connective tise, divided wp according to the mechanical 
‘equiseanents ofthe body-machive into strands or flat surtaces, 
‘works like a Jen, quite irespective of the sumber of cell 
‘hat go to form the parts, 

But in other respects the cellalar structure of the tissues 
is exploited to its utmost by the body-machive. The single 
muuscleibeet axe comected by single nervesibres ty their 
represeatatives, which are able to stimulate the rauscle-ibres 
ne at a time; just as the keys of a piano oxute the wriogs 
to wound singly. And each single muscle bre can influence 
fia representative, which, as each fresh excitation comes i, 
an lock oF unlock, according to the state of tention af the 
smusde-bire. Even is this case we might continue to yard 
-musde-call, nerve-Gbre and the moter-centre serving as repce- 
wentative at an igelated part of a machine. Indeed, the 
‘comparison has even been pushed so far that the whole rfl 
are, from the receptive senge-cell to the effector moscie-ell 
or pland-ull, has been described as 2 self-contained electrical 
apparatus, 

‘But is this respect the somparisca of the community being 
with an organism tequires caution. As we soe, the tranaler- 
ence of excitation from one individaal te another often takes 
place quite amtomatically, ax is 2 machine, without the 
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{ndivideal losing its Independence is so doing, an independence 
expressed by the fact that an indication referring to the 
‘individual mest always appear in its sensed-werld before it 
‘can perforrs the action. 

owe imagine the world at-vensed to be no restricted thet tt 
ccontaing only one indication, then the activity of the in- 
viduals will aunne an increasingly mechanical character, 
‘According to the etructure of the individaal, this may be of 
a very special Kind, if nly one extertal stimula serves at 
‘ndteation ; oF of w general kind, if roany diferent stimati 
act as the same indication. 

‘Regarding the reflex are from this point of view, then the 
sensory cell that responds to a single stimalus represents & 
specialised inaividwal, eg. the axditory cell responding to 
certain atmospheric vibration, the optic cell to a certain 
cetherie vibration. 

‘The nerveeel follows the sensory cell it also is an 
‘ndivideal which can conduct exclusion axly when it has 
received from the seesory cel a stirs, which becomes an, 
Indication #8 sous a9 i relescs a nervous excitation at the 
peripheral end of the served. Bat the nerve is able 
tm convert into excitation other stimuli, such ap mechanical 
tnd electric! shocks, and it ean do this at any point on its 
longated bedy. A nervous excitatiaa, however, mast always 
‘be aroused before it ean be conducted further. The sienple 
steering of the nervecell comists in conduction, Tt matt 
Inna on by stimulation to the central cells an excitation 
transmitted to it by the aensory cell. 

In this way the transfersnce of excitation proceeds in 
‘he reflex are, whether we have to do with nerves, centre, 
lands or muscles In each case a very resticted sensed 
‘world forms the socket into which file the action from the 
silany restricted would of action ofits neighbour. 

‘The commanity-mecbaniom, based on the transference of 
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excitation by individual, appears with especial ceases in 
‘he white Hood corpuscles, whick move aboot Eealy through 
‘he tanurs of the body, electing together at the stimulated 
parts, in onder to face there the injuries that product the 
stub. 

Recently it has been sown that a whe network of 
actin tuaaerence by individuals runs through the body, 
and plays a very impectant part there, eepecaly in the 
dligerive roceies. “Hormone "i the same given to these 
substances, which ae cast ato the bloodstream. by certain 
cally of the alimextary canal: thay form a special stimakos 
for certain ther digetive glands, which thereupoo pour 
‘ut their secretion into the gat. For the most part, this 
chemical ransdereoce of excitation ascoxpanies the mavens 
one, bt it remains quite independeat thereat 

Farther, t has been shown that thee are a whole number 
internal plas, the scrtin of which, est into the blood 
tee, lect other cals asa sinus, ed activates them. 

Final, the whole taking up of food by the cals frm 
the bloodstream and the bady-teids rast be refered to 
stimulation of indivkals and the action that ensues. 

To the same cass of facts elongs the power the tates 
ave of reacting to poisons by throwing antibodies into the 
Vlocd-steear, But ts this the protoptanm. aeems 10 play & 
part, and the diction itself ses (9 came i. 

“The action of viterins on the tanues also points to an 
“individoal” rection, the omision of which Bes harmful 
eamanquences. 

‘Although this Said of investigation is ati very obscure, 
0d we ars dependent on vague sonjactre, opel an to 
‘the wimoli that ecoerate or sestrctcellcxultptication, we 
SDall ot ge far wrong if, intead of trying to safe there 
novipdiscovered reasons by refering then to simple 
mechanical or chemical proceus, we rely on the tranlee 
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ccc: of exciton by individuale that 5p farnished an by 
the analogy of the community. Part ofthese proceases tales 
place in the diferestiated, mechanical portion of the cal; 
but another part initiates an invasion of the protoplams by 
impslses. From our study of the life of the commuity, 
both are Faia {0 a, fo te aso the co-operation of the 
individuals depends partly o@ sinple sellers, and partly 00 
‘asic actions 

“There stil emai rach tebe done before we can cone 
fn revealing the higher mechanice of the eelations of tho 
Jndivideal somatic cals to one another, Bat only when hit 
{a brought to ight, shall we beable to aay that we have areal 
insight into the facetious of the bod 

‘The tie is past when we could compre Living erganiams 
‘with mchioes; i may be Ut we shall succeed in canstret- 
ing machioe that, i addites to the fare rechanien, 
owes a special excitatio-mechanie for the interchange 
of diderentiated substances Bat even oo, il the analogy 
‘wth Living organisms i to be compete, Kt woald be accesary 
fox the machines te be built ep of individtoed pacts ofthe 
framework, converting oly certain eimuii into indcatens, 
nd then performing crtain actions, Dut even all tis would 
not sufi, for we shoal not be able to endow our machines 
swith the intemal eorutracter and director. These remain 
helsing peeopatve of the ving organs, 

(On the other hand, a mere profound knowlode of the fa 
ch the comumnity wil beneficially aflet our detuning 
of onpasions. The community is isl a living beng, gow. 
ering an intemal oocatrectot and rector, Alb ts organ 
are compen of individals Its fonctons ake place in the 
realm of higher mechanic, by means of the tranlerence of 
cacitation, Tis icc depends on th faites focuming of 
the aenaed-werls of individaal beings on the indications that 
sscrd with fic spc vocetions, and on the avlem exact+ 
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‘ta of the actinas pertaining to these. For both thene tasks 
sdiseipine is above all necessary. For the rest, the super~ 
mechanical principle of the community is expremed Sa those 
plastic sctions of ite members endowed with protoplasm, 
‘Which form the community and maintain it, 


me ueenace 


‘The comparison of the orgunition of the commanity 
with that of the body of the living emeature as revealed 
pervading property which ia determinative tor all ving 
cganiams—the presence of functioning individuation of 
"individ units", having theit own ieitabity, their owa 
conduction of excitation (or storing, and producing thee 
independeat eBect. 

‘Each individual well degerves this maze, for ony 40 Jong 
1 coatalan the wodivided, tipartito chais, can it il is 
place as ving messber of an organi, 

‘An individual may consist f one call, oF of a8 association 
of cals. [nthe latter case. the single eels have so far ited 
thmteves into a whole of a higher order that they have 
specially developed 2 pertion of their function-chuin in the 
interests of the whole, without, however, sureadering the 
ther porto. The sensory celle have had to devaop 
expecially thelr ceceptor pert, the nerve thelr condacting 
oF Hering part, ad the masce-els and pand-oalls their 
‘Afectoe par, io order that, for instance, a refix-are may bo 
focacd. The servettees, which conduct the excitution 
further ia one direction, avn the simplest Kind of tering, 
‘which permits the excitation to proced aimays along the 
same routes; while the serves cf the centre ae able 0 
‘ondoct 1 now into this outgrowth and now into thet, Tt 
in immaterial whether we apeak of steering asa conepbicated 
conduction, of of conduction ot a simplid steering. Both 
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cxpremions describe whet is dove by the connecting portion 
between reception and eect, aa action which is sometimes 
‘more simple and sometimes more compen. 

Ths three links in the function chain of dhe individual 
say be described as ception-—cooduction of excitatica— 
fect," oF a8 "obverve—ateer—act.” 

Bach individeal must form an indivisible whole, because, 
0 the oat side it serve as tbe peg past of the machine, and, 
(on the other, asthe socket, while atthe same time it makes 
‘the connection betwoen the two, Any cell will serve a8 an 
example of an elementary baildingatone of the kind. The 
mpleat pce of framework we can think of consists of a pg 
and 4 socket, with a single connectingcoate between them, 
The simple reBex-arcs, in spite of being bait up of sever 
cal, nevertheless form simple pieces of framework, whea, by 
means of one single path through ue centre, they elect the 
‘campection betwees a nerve-cell and a mescle- or gland 

[As soon 15 severn receiving calls ae cxmmected through 
1 oxatre with several effector cals the steering in the ceatre 
comes inta its ows, and guides the excitation, now into one 
route, and naw into another. The stering, on its side, is 
infuenced by the “ tone” of the whole, which may change 
Deriodially, This decides the appearince of thresholds, 
Which divert the excitatios, and so invade the steering, In 
‘the same way, the threshold in the oxotre can be infeed 
by the eiectar-organ. We Snow of muscles that are rhythmie 
cally “ lochad,” and then "unlocked (towards excitation) 
Tn thi case we speak of a reractory period” 

‘The irapules, a we ave see5, also Snduence the ante 
cd, within modat limits, enable the body to perfor new 
‘Actions, which we call “plastic.” Toe plastic actions also 
re ressiced within a predetermined frame, and arver go 
veld the Limits st forthe fnebvidal. 

“This limitation, agai, ceslts trom the congraity which 
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‘binds the organism to & define file-tonnel, with which It ls 
dovetailed, on the one hand by its receptive argent {as 
sockets), and on the otter by its efecto organs (as pers). 

Tn this way there develops, everywhere tat Ife extend, 

1 ekaely coberent framework, bot ix fsll conformity with 
Plan. 
{If we comer the fremewrk of life as 2 whole, we come 
everywhere ox individuals, which canslitate its guns, and 
serve the Hie-functions so long as they form a whole, Accord: 
‘ingly they aze to be regarded as che elements of the Living. 
Since ondaubtedly they must always be renewing wbemseives, 
we meat conclude thet theve is « lfrenargy, which perpeturlly 
‘prodoces them, This Wleenergy is subjective, in the sense 
‘that it pote eotonomous subjects into the world. We may 
‘erefore infer that the several impulies aze already united 
into subjectayaters when they begin ther activity. 

‘As soon at Living organisms are made, their organisation 
‘enables them to lay beld of the world and systematise it, 
‘The genesis of their own cepaniaation, Lowever, ies outside 
their scope, and requires special natural forces, to which, 
in the lst resort, even the machines and tools of mas are 
referable, since these owe thelr existence to organised beings, 

‘And 10 Ht a mistake to concede that organisa sbosld 
be treated as mechatinne. Fundamectaly, the genesis of 
machine is harder to woderetand than that of « human being. 
‘The gronsis of the latter involves the former, since the machine 
iw secondary prodact of a being that fas arisen thrmugh 
rary forcis of Natare. 

Sapericially coneidered, the constrosting of a machine 
seema easies to Grasp, because, 25 personal observation tally 
taht arlaes from unorganised forces of Nature and unorganised 
‘wubstances, oe which organisation is imped by the onganien 
‘Man, The conclasion that has beex dawn from this is that 
4a Nature there are ocly smorganined subetances and forces. 
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Men have tid, in the face of a known snaogie, to reer 
to cmmyanised foveen and wbetances the coguniation of 
cxgoniecs themesive, 

ite conscondy hey have Curved away fra recgaion 
‘of aatural forts imposing order, and ia this way they have 
sttempted to dlipose of the problem ot We. 

‘We know now that this is mot possible, but that bebind 

«every living creature ekcamts that are not dscedely Dit 
arranged, consisting of pegs and sockets that ft into one 
another. 
‘The oxpunldng forces of Nate ar, in thelr eotace, 
sgncifealy constituted otherwine then aze the untrganied 
foro of physic. Accordingly we axe quite jostiied in 
puking of" spike neg,” oe Kiechegin, Ti pete 
‘ature cotta in the existing only ia an organised con 
ition. ‘Their specie ingulrty, organimton, cet not 
oman under the law of the conservation of energy, which 
thas nly to do with quantities, and not with amangemens 
Ts contrast (0 this, organisation in the worl ofthe vg, 
‘which express iti ia faced complenty, sa proves 
of perpetual shaping. 

‘This true that the simplest organisms are jast as congraous 
‘aa are the highest, But the congrulty of the highest is very 
much more many sided. 

‘The manner in which the specific enengies are associated 
‘dispenses with mechanical compelson, but is, In its astare, 
fn imperative, AZ living beings develo, Bot in accordanen 
with « causa) “thou mast,” ax ie characteristic of the un- 
onganiond forces, but according to a biological “ thou shalt.’ 

‘Aa we know, aloe Kats day the ethical corsmand " thon 
shalt" is referred to transcendental iniloence on the empirical 
character of the human being, and the ecapirical character, 
vith a" thou seat," frces the decion. 

On thls nnalogy, we may devrbe al setons of the body 
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5“ thou mas,” 0 Joog 4 they are based on the compulsion 
‘ot the developed Biological organisation, and all saper- 
smecheslcal invasions 2 & hoe shalt,” proceading fron a 
impubeapren. 

‘This way of consbdering things permits us to say of the 
impulse-systems that they are imperative" in respect of 
form, which they always relate to the development or main- 
tenance of the incitviddua!, This indivichoal is always « subject, 
becaaae it always forme 2 new wexkbomntre. Everything 
‘that beppens, beppens for te individeal only ln oo far as 
the phenomenon becomes a new indication within it. The 
(aifications ar, 30 to speak, the fighthonses of the individual, 
from wich it gets gtixpus of the world, Each individal 
‘bas only so muck worki as is subjectively accessible to it. 

‘Objectively considered, each individual, whether large 
oe anal, is a5 dement in te framewoek a the whol, into 
whlch Sta by pope and socks. 

‘Accordingly the impubo-sysiem, to the imperstive of 
‘whlch the individual owes its development, mast, fr one 
spect, Be ecrtbod as a subject, because I ereates 8 weld: 
xntre. Bet from the other aspect, it i arranged as 02 
bjestive factor in the plan of the world as x whol, in order 
‘thatthe now woe-centre may Became part of the Kamework 
the whale, 

We get varvey of these aifialt and cmnplicted 
lations most easily, if we proceed from a univers} conformity. 
‘with plan, ia which the wabjective impalse-rymems are woven 
i es cbinctive factors along withthe ote objective factors 
of Nature. Por the conformity with plan of Ife embcaces: 
‘oth loarganic and organi forces, event directly inencea 
aly te orgnteshapiog. 

“The lmpulcaysicas contincaly form in the lndivédula 
fea worldcantres, lange and small; the worlds baonging 
0 thage emtes mntmady embeice and cat acto coe 
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‘another, but at the me time unite into one eplendid 
framemark. 

“The direct lnfseace of the isapelses on the protopasin 
fs spectaly diereat frox: the relprecal infioeace that 
ther natura forces exert co coe another for the impale, 
‘which do nothing but expan, act oa physical acd chemical 
‘Sectors akeady prevent in the protoplarm. 

Frotoplasm is almost unlimited in its formative poste 
iin, and vo is almost Seal as @ plastic medium. 

‘But at the present day we do not know why the impulses 
aflect the protopiam enly, oor how they do it. They connect 
‘themselves with substances thet release procemm, and they 
‘ctivate theve mabsances, That it all we can aay about it, 

‘And 30 the impulses differ from other matin facie, 
in two respecte—by the way is whlch they alect the proto- 
lau, and by thelr association into systecst 

‘The grent question of the futere will be whether it is 
Powsile to iaolte the imposes, end force them to intueace 
‘substances odker than protoplaam. Already there are idca- 
dons that an action ofthe imapales may be ected. Many 
fastancen of gal-fcration point this way, seeming to rugrest 
‘the transference of « form-giving émpalse from the insect to 
(he plant. The diacovery made ix Speman Isborstoy by 
‘Wacha when working oo Amphibia bes a like significance: 
‘he found that te celle of the upper irix which do not 
hemeclves possess the power to mabe lexs bes, con be 
eavjowed with that power by « secretion coming from the 
retin, 

am convinced that cases of this kind, atoenibie to 
analyuls, wil became more sumervos 6s sooo et atteatlon 
in more guaeraiy directed to thea, 

ei Snaponsble to say whether we aba attain tothe ideal 
T have before we, of ioducig form-making to take place 
within « tet-tube, But at any rate we can get rch ver 
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1 the problem, as pooh 43 we have foutd the right way of 
tting the quetion. 

1 ia not » quition of making something Hing oot of 
ead matter, That Ss doomed ¢2 fafur. Te a quit 
‘of breaking up the protoplaum acivatad by the impales into 
separate encs, and then investigating their fie, singly 
fod together, cx a seound substance that Se not necemarly 
protoplasm ite 

‘Since there can be no doubt that we have ¢ do with real 
‘atural factors, it must be pomble to get 00 the truck of 
‘her mode of opertion and ther otecaking. In 4 doing, 
‘the more we enxploy the methods daborated by phyalciata and 
chemists, the sooner will bislogy win the recognition of these 
two sence, which hitherto have been ber implacable esemle. 

Te ny statements an to the Bleenergy be compared with 
thowe of Reinke, It will be seea that they agree almost com 
letely wid hin Uhnry of dominasts. aly that 1 empasie 
tore stragly than be that, when Ile to gene adie, 
1 wm talking of actos! satel factor. And T rele to 
‘blterat the houndaring on the pecs! id, siaoe 1 reckon 
the ingobeapetems (0 20 objective conlormity with plan, 
inmead of to « cniverm) workLinttigence, The works 
Inteligeace ways remains 2 payctical Tacit, and no one 
‘would dream of trying to inject single intelligences into 
matte, bomever pati. 
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For Mologat, cbecrrition of hs om body dots act 
iter fatamantaly from aberration of other Lvlag open 
fms, He shows hat there « snroundiog wo i the case 
of his own body aleo, divisible into work+ex-sensed and world 
of ston, and set over aque a inner wold within the body 
‘ideal, And his functions, too, are wade mp of nomerous 


CONFORMITY WITH FLAK aa 


‘racton-iecey, with refereace ‘tbe ation, eoemist, 
ford, family it, the bosizes of the comunity, ete 

The woekd ay mood, Ssovered thugs chevation if te 
‘ody, catain greater ounbe of ndcatons ea the word 
a the amie ona aS ws directly. Te stinahs producing 
the reflex losing ofthe eyed is often uo tial and so ring 
that we are sot consloes oft t al, and yot we shall admit 
fiat ven this rlewes as indication, thong, fr out cone 
cioames, ft may remain below the threicid. The uate 
cf this iviation belonging to the sera fs an mich ont 
cf thn reach of our knowledge «9 though we were dealing 
with that of sane animal; aad got it belongs tothe sensed- 
wot of war body. The sae is trae ofall the snficatons 
that appear la the matin refer actions of ou orgs, 
pecially the organs of digntion, epiaticn and cirelatio. 
We koom absolutely sathing bout the indiations of our 
fnaumerable body-alla, Wont we are comsios of are only 
hone that spear in the markorgsn of oar tris, when 
vee perform plastic actions, This isthe whale mateial that 
serve foe the coasraction of our craic sxae-weld. 

‘The proof this lie ix the fact that oaly thee merve~ 
‘pes vt ros tom the orga of reception to the cecil 
Iemiapheres came senations to arse fa ox when they are 
recy stimulated: when axy of the other nerves a 30 
vimnated, we have 20 vemations. Accordingly it i only 
oo stinalton ofthe mark-argan that scsaton aie in, 
and not on stimeation of the actoa-rgea of the eat 
servous system. Moreover, i{ the process roms on ent 
oF instinctive liom, no sensations ace expecinoed, From 
‘whlch we may onselode tbat sensations are connected with 
‘the onset of aper-mechanica proceem inthe mark-oyan. 

Only whe. this han been reengnised, can we attain t0 & 
fight uadertanding of the fandarental octrie a Jobunaey 
Mller, who dexctbed as “specie exsery comgy” the 
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‘appenrases of catain qualities in our mid after stimelation 
of ortain amscry ORrvoR, 

Tis thoory goex beyond the mere plrysinlgical demon- 
stration that the sume stcring in the cantre Is connected 
‘wlth the excttation of the name cestripetal bres. It speak 
of 1" specie,” noa-cechanical energy, which ia sctive when 
he qualtee appear in the mind; and only in the vocond 
pluon does it point out that the mature of the quality thet 
“appears in connected with the person of the nerves in which 
this ”sopersmechanieal" corey becomes efleetive. 

Now, a4 I have stated, is rapecmechankeal proces, 
Ampaises abwaye come in determinatively ; they are specite 
Me-eoerges. He wish to folow Jobanses Maller, we tnust 
‘amume Ghat the inpales which invade our mark-ecgan 
detcomizatively and create sew forms, se in ewence quaitins 

Foc the reprecctatioal idea that we mads of thes 
rvocees, this ammomption is waimportant. Tis ofan intent 
fa the oats beerver whether the axabedike centres 
fs stretching forth their prndopodia to make new bridges 
foc excitation, receive the onder fo build the bridge ix the 
form of “x way for bloc” or "a way for red." ‘The context 
‘of the subjective marisign in the active Dean during the 
Dailing of new beidges is 4 matter of Indierence ta the 
obarrer. Hie need only pay regard to the matare of the 
extertal stimules to which the tridgetlding gives the 
opportunity of entering determingtivey into the steering of 
‘heaction. From thee objective indications he will conttroct 
he sesed-wortd of aniaale, jc, be wil always employ bis 
‘ra qualities, trom which be construct tha worl, to Gewciba 
the semed-wedd of animals Is v0 doing, be will make 
0 Aatinction ws to whether the indications released by the 
stlovali determined the actions in « reflex or Ins plastic 
manper. AM fndlcatons are equaly secamscy for the can 
seroctica ofthe woridhes-sensed, 
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‘Theme indications, then cacy, are subjective mak: 
ges of the obverver. Tent beog vo, wen tary play the part 
of objective Indications or external peopertee ths sensed- 
‘World of the animal obotrved, the obecrver will be oblige, as 
swe have already sald, to confer on thea the ims goveraig 
bis cwo subjecsive indications o qualities. So be wil always 
scrvoand the living organ with space and tine, since these 
constitite the farmel lame of his orde-quaites In the ine 
‘way be will always endow ther withthe laws of neato 
‘and of the regular increase in calor, sound, tx, since thee 
ce the formal laws of bis cotent-qcaitis. 

‘Bot the candles ta be drawn ftom Ml's theory 
‘ae of great interest, if, an Ober, we fellow wat goes on 
‘im one ow central nervous syteat, Excitaton iv trantored 
fi the familias way, and arives ia the ausk-ergin of our 
‘ervhrum, Now the ispalses beoese active, the bridges te 
ull on wich the enctaton wil be oeducted onto the action 
‘gan. Bet inthis ca we kow the impubs ; they xy, far 
lastasce," a vay for Bice” At the sme moment, he indica 
‘Hon “oe appears in oar wark-s-mied, The mbjetive 
_mark-sign bo forces place or st an objective neato 
jn oar appearenoswverid. It acts as an imperative oo the 
propertion of the external world, which it transorms and 
envi. 

‘The cammana given by the eupe-mechunia ianpalse ate 
1m the world ke an enchanta’s wand. By stroke of magi 
the sum of the impobses that appear crates around us the 
‘whol vast worl of exlour and scand. 

From the standpoint of the eutsde obsever, the tak 
of the impuses ia to ster to the acticn-orgun the ractaton 
‘Produced by the exteral sanus, and cote coavert # into 
‘un indication. We must therefore try to discover whetbec 
‘the paychical mark-sigzs alo show a storing. Hf we omaléer 
he three great werks of Kant from this point of view, thowe 
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Incomperhle guides to the axcciatios in oar subective 
is wo may cay that the Cite of Pare Rowson dels with 
he forming of indications, while the Critique of Pracizal 
owen 28 the Criique of Judgment deal with the steering 
‘yy means of jodgents, which are execbed both by the 
tical un by th estate apes 

‘To go further tato this matter would take us beyond 
the wope of biclogy, and iato the realaw of prychology and 
‘he critique of nomads. 

‘Therein just one more point to which I wich to azeet 
attention. Why it Kant write mo Critique of Will 
Power? Bocuse we know oothing about willpower. 
‘Wes the excitation Jeaves the mark-ogan and estes the 
Actoa-onga ofthe bra, wean the ixpabes kewse making 
‘hee active invasi. But this réeases no sarktigns In 
cour mind. We have ont the vague senuaton that impulaes 
of the will are in play but we do not know thez. 

That in wby the expariation of the subject ranaima so 
incomplete. shows tm qualities which are arranged by 
febenate and group themselves round aetoos (se. round the 
typiol movenents of the body treated to the mark- 
ingen by inner see orga) in ocder to make objects. Cone 
cxring the impolen of oar wil, which alee sake the forma- 
tion of actions even pose, we learn nothing. 

“Thi int ia very regrettable; i appear in the cane of 
al actions, Suppose T ask myzet the question, “What 
realy called forth my action 7” [¢ was at the indiatlon, 
either was it the judgment; it was a something which I 
cal “wil,” but which T do aot inom. The gap boos 
most unfertanate when we ingeice Sato oar memory. For 
Instance, T can repent & poem withoot omitting any part 
of 8; belre repent i, T know othing afi, and yet, an T 
speak,» whe Ghain of wiltimpales rece off withost iota 
ruption, The chain most have bers there already, i it 
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ould be ran off Mke thet. But it is quite unkxown 
tome, 

It we could observe our action-ergan during the epettion, 
swe could see x0 more ini than when we looked at the mark 
organ, A unmber of impale become active In accordance 
‘with law, and they male beidges: but they give ua no mazk- 
ign. The command that @wels within them evades our 


Soul wooder if the ismpules that build ap oar bodies 
dude ox knowledge. 

‘And 10 it is sel-evident that che whole Impulaeayater, 
‘which is at ance the architect and the director of our body, 
is forever hidden from osr view. As Kant would say, we 
Dave to do with & transcendental subject (Le sobject lying 
‘beyond wit we can experienc) Jar wider in its embmecr 
‘thus the epi, which cxibrace only the ie of our ego, 

‘And 90 it in quite bopeias to ty to explain through 
‘our paychica) experiences the lle of other living organisms, 
We do not even know the quality of the comunand given by 
‘the impulse active in cha mark-crgan of another, which 
aevertbelew do permit ofa certain analogy with the impulses 
of our own mark-organ. Ava forall the other impoles wn 
canaot rely even on this very insure analogy. 

‘There certainly aze reali which remain inactenaie ¢0 
fnvestgatian, and of which we are able 0 form only a very 
dublous isage, deduced trom their sctvities. Bat fande- 
mentally biology, ia so fara» it i obtignd to doal with the 
‘xganising factors of Nature, is in exactly the same cur 
‘a physics, which is able to judge f the unargaiond Sores of 
[Nature that form its province, only fram their activites, 

‘But biology fas 2 far more scare foandetion than phylcs 
snd chemistry. proceeding an it doc from Ube enly stable 
‘basis, the semsequalites; trom thee the saroanding- 
‘woes, with all theis wabntances and forces, chings, object, 
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‘implements und living organist, are wholly ani sally boilt 
‘up, and In sceardance with enduring awe, 

‘And 10 the theory of biciogy must wways proceed trom 
Use olmments of intuition, Hit would week to tring the 
‘Phenoment of fife into & comprebensive association, 

‘The present book caetains the Got attempt of the kind. 
low fay it hax bean sxsomaul, my neadecs can decile for 
‘emmven, 
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